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Grove Regulators... a unique 
Grove offers a wide variety of 


engineering achievement which aa aban ate t 
revolutionized the control of high pressure fluids. That's why for over 2O years 
first missile experiments in the Navy Experimental Station at Annapolis, to the 


pads of Canaveral and Vandenberg, Grove has been setting the standards for t 


of high pressure fluids. Grove Regulators—often imitated but never equalled in design§ 


performance. Unmatched simplicity, accuracy, safety. 


GROVE VALVE and REGULATOR COMPANY 


6529 Hollis St., Oakland 8, California - 2559 W. Olympic Bivd., Los Angeles 6, Califo 
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for Communications 
on the Missile Base Complex... 
come to the experts ! 


DuKane electronic communication systems provide the vital 

network of instant voice communication which literally ties together 
such installations as Fort Churchill, Patrick AFB, and White Sands. 
DuKane offers the broadest, most flexible, most versatile line of custom- 
installed communication systems in the industry. For an installation 
involving a few persons, or hundreds, DuKane’s experts can help you 
design and specify a communication system which will fill your 

needs. Why not ask for their help? Write or wire DuKane 

Corporation, Dept.MR-6,St. Charles, Illinois 


If you specify electronic equipment, ask also for 
DuKane’s chart of electronic equipment symbols. 





DuKane Products are Instalied and serviced by a nationwide network of factory-tralned experts 


DuKawnweE corporation 


St. Charles, Illinois 


Job-engineered sound installations... Flexifone intercom systems... Private automatic telephone systems... Hospital 
communications systems...lonovac hi-fi tweeters and ultrasonic generators...Sound slidefilm projectors for education 
and industry... Electronic production facilities for industry and for defense. 
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INDEPENDENT RESEARCH 


in inertial sensors 
SENIOR PHYSICISTS 


Low temperature ph 9 
and classical mechanics 


PHYSICISTS OR ELECTRICAL ENGINEERS 
EXPERIMENT AND DEVELOPMENT 
in advanced instrumentation 
Sensors, microcircuitry, radiation and tempera- 


ture-resistant equipment for terrestrial and 
space missions. 





THEORETICAL ANALYSIS 
FOR SPACE MISSIONS 


PHYSICISTS OR ELECTRICAL ENGINEERS 


Analysis of advanced guidance and stabilization 
methods for space vehicles, synthesis of complex 
systems, and non-linear control. 


A 100% expansion of engineer/ scientist 
staff is planned during the next three 
years for applied research on these and 
other long-term programs. For information 


on openings send background summary to: 


MR. O. HUGO SCHUCK, Director of Research 


AERO DIVISION 


Honeywell 


M-12 2600 Ridgeway Reed, Minneapolis, Minn. 











Executive Editor ..... CLARKE NEWLow 
Managing Editor ....DONALD E. Paray 


NEWS STAFF 
BD TOE cn occccccocccccccoescoes Rem Bunoy 
Defense and Legislative .......... Berry Osway 
JAMES 
PS GE cccoccceseeseses RICHARD VAN i 
i  .060000600600600680000868 Errca Kan 
Editorial Assistant .......6.++++- Davin Nrwmay 
ASTRIONICS 
Guidance and Control ....OHARLES D. LaFom 
Support Equipment ...... ..»»-HaL Gerrnvg 
ASTRONAUTICS ENGINEERING 
Chemistry & Propulsion ......... JaY Hotms 
AStTTOEYNGMICS .... eee eceeeeveces PAUL Means 
MISSILE SUPPORT 
Installations and Equipment 
Bast Coast ....ccccccccees WruaM E. Hows 
Pe GEES cosccaceceeeesos FRANK McGung 
BUREAUS 
LOO ARGCISE .ncccccccccccccccccess Fraen Huwtm 
Cie nee cc tensbabesed baaees JezanN-MARI£ Ric 
BND ccnsccccceoececooece ANTHONY VANDrg 
CONTRIBUTORS 
British Astronautics .....G@. V. EB. THompsoy 
Propulsion ..... eee .MICHAEL LOREN2 
Industry caida dieaiiet : JAMES J. Hacorrtr, Jy, 
Soviet Affairs” pncoeeneenns ..Dr. ALBERT Pansy 
Space Medicine .......Dr. Husgrtus Strvucnoy 
DD ovocnceseeeess ....-Dr. I. M. Lew 
Research ..........+++++++-HEYWARD CANNEY, Ja 
ADVISORY BOARD 
Dr. WERNHER VON BRAUN Rosert P. Havitam 
Dr. Peter CASTRUCCIO Dr. ARTHUR KANTROWM 
Krarrt ENMRICKE Da. Evecen Satnep 
R. F. GOMPERTZ ALEXANDER Satu 
PRODUCTION AND ART 
Art Director WILLIAM Mart 
Assistant Art Director .. ini Baci.. Guizr 
Production Manager .. : J. FP. Warm | 
Ass’t Production Manager . ELsSiz Grr 
BUSINESS STAFF 
Publisher E. D. MUNLYm 
Advertising Sales Manager W. E. Brows 
Eastern Advtg. Manager ... P. B. Kine 
Circulation Director ......... ..L. L. Brerrxe 


Promotion Manager ...... J. E. Mvutaocr 
Advtg. Service Manager ..Mrs. Giaprs Bussm | 


ADVERTISING OFFICES 

New York (17 East 48th St.) P. N Anpeasos | 
A. B. Scuerna 

Detroit (201 Stephenson Bidg.) K. J. Wuu 

Chicago ......(139 N. Clark St.) G. E. Yona 


Los Angeles .(8929 Wilshire Blvd.) J. W. Cras 
Cc. R. Martz, Jt 


Miami (208 Almeria Avenue) R. D. Ham 
Toronto (12 Richmond 8t. BE.) ALLIN AssocliuT! 
London ........(28 Bruton St.) Nora. & Han 
Paris ; : 11 Rue Oondorce 
Geneva . : ‘ 10 Rue Grenw 

Missiles and Rockets Volume 5 Number 2 


Published each Monday by American Aviation | 
Publications, Inc., 1001 Vermont Ave., N.W 
Washington 5, D.C. Wayne W. Parrish, Presi-? 
dent; Leonard A. Eiserer, Executive Vice Pres 
dent & General Manager; A. H. Stackpole, Fred 
S. Hunter, Eric Bramley, Robert R. Parrish} 
Vice Presidents 


Printed at the Telegraph Press, Harrisburg, Pa 
Second class postage paid at Washington, DC 
and at additional mailing offices. Oopyright! 
1959, American Aviation Publications, Inc 





Subscription rates: U.S., Canada and Postal 
Union Nations—1l year, $8.00; 2 years, $12.00; 
3 years, $14.00. Foreign—l year, $10.00; 3 
years, $18.00; 3 years, $26.06. Single copy 
rate—$.75. Subscriptions are solici only 
from persons with identifiable commercial 
or professional interests in missiles and 
rockets. Subscription orders and chan of 
address should be referred to Circulation 
Fulfillment Mgr.. M/R, 1001 Vermont Ave. 
Washington 5, D.C. Please allow 4 weeks 
for change to become effective and enclose 
recent address label if possible. 











missiles and rockets, August 3, 195!) missiles 





SBREEA =< 


1-5 -F 


PAESESS 


gBas 


Zane 


Say 


| 85° sa2erce.e | 





= Se 














COVER: Details of Army’s 
Redeye—fired like a bazooka, 
have been revealed. For this 


Convair development see p. 12. 





BMD which is marking its 
fifth anniversary has had a 
radical approach to ICBM de- 
velopment such as the Allas 
See p. 11 





P&W's liquid hydrogen engine 


for the Centaur vehicle is 


undergoing full-scale test. For 


details see p. 20 
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TAPE RECORDING industry 
is growing by leaps. and 
bounds into multi-million dol- 
lar business. For details see 
p. 34. 
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) aucust 3 HEADLINES 


Hebert Has Hand Grenades Ready To Toss 
‘Munitions Lobby’ inquisitors will try to match contracts with 
contracts and if they can—fireworks will start in earnest 
BMD's ‘Radical Approach’ to ICBM Pays Off 

Concepts of concurrency and central-direction responsibility pro- 
duce ahead-of-time weapon systems ...............++5: 
Redeye and Bullpup 

Bazooka-type missile details released; Martin ASM becomes oper- 
SEE 1G RIS FOE oc cc candeciss dui cas catawdnowbess 


ARPA Obligating $18 Millions for Solids Research 


No Action Soon on Industrial Security 
Three bills introduced in Congress but vote not expected before 
next session even in light of Supreme Court decision ......... 


) Astronautics ENGINEERING ys. nec. rac. 


TV Watches Engine Case Tests 

Newbrook Engine Corp. engineers learn how failure occurs by 
observing hydrostatic skin tests from safe vantage point 

Centaur Engine Begins Full Scale Tests 

Scheduling calls for P&W to deliver first operational liquid 
hydrogen engine to Convair in 1960 .. aS Mees" 
Inert Gas Brazing Room Proposed 

Aerospace Industries suggest manufacturers study joint establish- 
ment of ‘space room’ for high temperature work on metals . 
What Can Withstand Re-entry Heat? 

Bell Aircraft engineers find coated molybdenum, dense silicon 
carbide and coated graphite best for leading edge of boost-glide 
planes such as Dyna-Soar 
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Where Are We Going in Fuel Handling? 
The cryogenic engineer still must be a jack-of-all-trades with 
industry having to gear up for multi-million pound thrust boosters 


b ASTRIONICS 


Detection of Nuclear Explosions in Space Possible 
by Optics 

Iwo spectroscopes mounted in satellite proposed as method of 
ee anne 


Magnetic Tape Recording Sales Booming 
This year should see 700,000 units sold but most promising future 
applications will be in astronautics for photo-reconnaissance 
New Techniques Aid Electronics Cooling 

Basic methods of heat dissipation in components are the same but 
the applications can vary. Here are principal methods 
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ARE YOU GETTING ALL 


THESE BENEFITS 


WITH YOUR 


MAGNESIUM CASTINGS? 


Dow magnesium foundry offers experience, production capacity for sand 
and permanent mold castings of all sizes and shapes. 


The unique capabilities of Dow’s Bay 
City, Michigan, foundry help users of 
magnesium sand and permanent mold 
castings. Activities at this facility— 
largest and best equipped of its kind 
—run the gamut from large volume 
production jobs to one-shot “specials”. 


Huge or tiny castings. The foundry is 
capable of producing castings weigh- 
ing in excess of 3,000 lbs. down to 
ounces—in all degrees of complexity. 
Experienced pattern engineers ensure 
that the best use of casting processes 
is made. This can result in either lower 
costs, improved quality, better deliveries, 
or a combination of all three. 


Newest techniques. Many milestones in 
magnesium casting have been reached 
at this Dow foundry. In fact, Bay City 
has men permanently assigned to devel- 
opmental work, keeping the foundry 
in the forefront of technological ad- 
vances at all times. 


Results of their work include special 
processes for cast-in inserts and tubeless 
passages, and improved melting tech- 
niques. Casting methods have been de- 
veloped for many of the newer mag- 
nesium alloys, such as the elevated 


THE DOW 
6 





CHEMICAL COMPANY -:- 


temperature group and the new high 
damping capacity alloy, KIA. 

Quality control. A full time quality con- 
trol team exhaustively checks all work, 
from alloy composition to the shipping 
dock. A direct-reading spectrometer 
makes rapid alloy composition analy- 
ses. Its speed is particularly valuable 
when alloying elements that are hard 
to hold in the molten state, such as 
thorium, are present. Chemical analysis 
is also frequently employed. 


Testing facilities. Molding and sand 


cores are analyzed as a regular part of 


casting quality control. Radiography, 
fluorescent penetrant inspection and 
other testing facilities are used to check 
properties and specifications. 
Experienced magnesium team. The foun- 
dry often draws upon the broad range 
of specialized experience available 
throughout the company. To Bay City 
customers, this means assurance of high 
quality work, done with utmost effi- 
ciency and economy. If your require- 
ments involve magnesium castings, Dow 
can help you arrive at optimum casting 
design and reliably supply your pro- 
duction requirements. 





THIS SAND CAST WAVE GUIDE was held to +.005" 
on passageway dimensions. Surface smoothness re 
quirements are 63 RMS. The foundry hos government 
approval for any phases of its operations where such 
approvals are applicable 





THIS BRAKE CARRIER is sectioned to show how the 
hydraulic lines were integrated by use of tubeless 
passageway casting techniques 


Write rooay for this illustrated 
brochure discussing Dow foundry 
services. THE DOW CHEMICAL 
COMPANY, Midland, Michigan, 
Magnesium Product Sales Dept 
1303CL8-3 
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Washington Countdown 


IN THE PENTAGON 
A new type of guidance system .. . 


called Fingerprint is under consideration by 
the Air Force. Chance Vought is the developer. 
The system is proposed for use in Slam—the 
proposed supersonic low altitude missile that 
would be powered with a nuclear ramjet 
engine. 

- . 7. 
Project Slam... 
is still in the study stage. Chance Vought, Con- 
vair and North American are in the competi- 
tion for the R&D contract. Slam apparently 
is being designed with the idea of getting past 
any Soviet-developed anti-missile missile. 

i fe 


Big new family of “‘pocket”’ missiles . . . 
designed for limited nuclear warfare can be 
expected to result from development of Mar- 
tin’s Davy Crockett. The secret Army missile 
with its fractional-yield nuclear warhead is 
designed to be fired like a rifle grenade. Next 
to be added to the new family of nuclear weap- 
ons probably will be Martin’s Bullpup. (See 
page 12) 


ON CAPITOL HILL 


Deep slashes in the foreign aid bill . . . 
are worrying a number of defense-minded 
Democratic congressmen for political reasons. 
They fear the reductions in money slated to 
buy missiles for NATO undercut their fight 
for bigger defense expenditures at home. 

a7 o * 


Foes of a double congressional check- 
rein... 

on missile and aircraft procurement can be 
expected to try to kill it again next year. Mean- 
time, it is certain to go on the law books with 
a 1962 effective date. The new provision will 
force the Pentagon to get congressional auth- 
orization of missile and aircraft procurement 
programs prior to getting Congress to vote 
the cash. 


AT NASA 


The proposed imperfect orbit . . . 

of the “paddle wheel satellite” Thor Able Il, 
scheduled for launching Aug. 7 has been modi- 
fied from an apogee of 30,000 miles and a 
perigee of 150 miles to an apogee of 20,000 
miles with the same perigee. Reason: Though 
NASA scientists would like to test the multi- 
solar celled payload at the longer distance, the 
shorter apogee is designed to give the Thor- 


Able vehicle a better chance of performing the 


mission. 
oe . a 


A competitor for Thor-Delta . . . 

the small satellite booster under development, 
is reported being proposed by ABMA and 
JPL. NASA recently cut Juno IJ and Thor- 
Able from its programs in favor of Thor-Delta 
on grounds they are uneconomical. ABMA 
now is proposing as a substitute a Jupiter-JPL 
6K combination. The 6K is a second stage 
with an encapsulated, storable 6000 pound 


thrust engine. 
s eo * 


Launching date censorship . . . 

of NASA space projects has put the space 
agency in the embarrassing position of having 
to deny what they know to be true. For ex- 
ample, English newsmen learned from NASA 
technicians at Jodrell Bank that Thor-Able Ill 
was to be launched June 7 and transferred 
this information to their American colleagues. 
NASA is under pressure from the White House 
and Cape Canaveral’s Maj. Gen. Donald Yates 
not to release satellite launching dates before 
the fact. 


AROUND TOWN 


More large Soviet missile bases . . . 
are reported to be under construction in the 
Eastern European satellites. Iron Curtain 
sources report the Russians are closing off 
large tracts of land for the bases. The amount 
of heavy construction indicates that hardened 
sites are being built. 
e . * 


The Kremlin apparently decided . . . 
in advance of Vice President Nixon’s Soviet 
tour that it might be a good idea to let him 
see a missile launching. A top Soviet source 
says Nixon’s chances of seeing one looked 
good . . . all he had to do was ask. 


Some of the reports . . . 


that are being passed as the “latest” in the 
nation’s capital: 

. . The Administration is determined to 
hold the budget line next year for the presi- 
dential campaign. It looks now as if only a 
major international flareup can change the de- 
cision. 

... The U.S. radar net in Turkey has de- 
tected more than 30 Soviet failures to launch 
either ICBM’s or space vehicles. 

. . . Red China is putting new pressure on 
the Soviet Union for red missiles. 
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Industry Countdown 


STRUCTURES 
Combat Ailas ICBMs... 


are now in the hands of 704th Strategic Missile 
Wing missile troops at Vandenberg AFB. 
While Air Force is still ironing out bugs which 
showed up during recent test failures, these 
Convair-made missiles are considered “ready 
to shoot” in event of war. All changes result- 
ing from tests are being programmed im- 
mediately into these missiles. Unit will not be 
declared operational until after the 6300-mile 
Atlas passes four or five more flight tests. 
am . 


Proposals are descending .. . 


on NASA at rate of 60 per month. About 250 
have been submitted since January—two-thirds 
of them from universities and remainder from 
industry. Average proposal would cost $102,- 
000. They range from such basic research pro- 
jects as the physics of certain structures under 
stress to the R&D of instruments to be used 
for a space vehicle landing on another planet. 
NASA officials report that they are funding 
about 34% of the proposals at an average of 
$62,000 each. Their big problem: money. “We 
have more good proposals than we know what 
to do with,” says one expert. “We can’t afford 
to sponsor them all.” Funding of proposals 
from universities comes from special $3 mil- 
lion account, while industry proposals are paid 
for out of R&D money. 
e e . 


The French will activate . . . 


first Nike and Honest John missile battalions 
this autumn .. . Britain’s Bristol Aeroplane Co. 
is running a feasibility study of Mach 7 com- 
mercial transport that would take off pick-a- 
back style with a separable booster weighing 
250,000 pounds. Plane would be powered by 


both turbo-jets and rockets. 
. s e 


Answer to maiden’s prayer. . . 


or Jupiter nose cone production problem: 
C. T. L. Inc., original developer of this coun- 
try’s first ablation nose cones for ballistic mis- 
siles, uses hand held hair driers to soften the 
glass phenolic lammate layers during stretch- 
ing over Jupiter cone forms. 


PROPULSION 
Magnetic ramjets may be . . . 


involved in new contract to Fluid Dynamics 
Division of Ryan Aeronautical Co. for develop- 
ment of Ryan “MiniWate” hollow core ma- 


terial as high-altitude propulsion device. AF 
Office of Scientific Research, ABMA and 
NASA's Ames Laboratory (which placed the 
contract) long have been interested in possi- 
bility of utilizing ionized upper air as a boost 
to efficiency of systems based essentially on 
ion acceleration. NASA-ONR-AFOSR spon- 
sored symposium on dynamics of ionized gases 
Aug. 24 and 25 at Northwestern University 
may produce some interesting leads. 
7 * . 


Process for electroplating . . . 


metals on almost any material—including 
paper—has been developed by Ethyl Corp., 
maker of gasoline additive. United Car Snap 
Corp. developed a method some time ago for 
electroplating metals on plastics. Such pro- 
cesses hold hope of weight reduction in solid 
rocket nozzles, which seem to be getting heav- 
ier and heavier as motor case weight goes 
down. 
oa * 


Way to overcome melting . . . 


of aluminum powder in new solids, which re- 
duces combustion efficiency, may be through 
alloying aluminum with zirconium, magnesium 
or lithium. Government researchers say this 
also may yield greater I,,. But there is a prob- 
lem—how to produce ultra-fine powders (say, 
10 microns) of these alloys, particularly when 
Al-Li has the same nasty characteristics as Li 
alone. 


ELECTRONICS 


Look for Soviet approach . . . 


perhaps at London IAF Congress next month 
for pooling of U.S. and Russian satellite track- 
ing facilities. Reds admit they feel lack of 
tracking stations in Non-Communist world; 
figure U.S. would appreciate tracking data on 
Russian space vehicles. Pool would require 
prior notice of shots on both sides. The Rus- 
sians make no mention of extending coopera- 
tion to military satellites. 
e - 


EIA is supporting... 


the Saltonstall bill designed to revamp pro- 
curement. EIA believes S$.500 will provide 
flexibility in procurement by specifically au- 
thorizing competitive negotiation on an equal 
basis with formal advertising; and will speed 
up weapon system deliveries by eliminating 
advance determinations in making cost-reim- 
bursement type contracts for R&D. 


(Continued on page 43) 


























Hebert Has Hand Grenades Ready To Toss 


by James Baar 


WASHINGTON—So far the House 
Armed Services Subcommittee investi- 
gation of the so-called “munitions 
lobby” has taken on the aura of a re- 
latively pleasant tennis match. 


However, Subcommittee Chairman 
F. Edward Hébert (D-La.) can be ex- 
pected shortly to try serving up a few 
hand grenades. 

The subcommittee has spent most 
of the month since it opened its in- 
vestigation listening to testimony from 
other congressmen, top military officials 
and retired high-ranking military offi- 
cers now holding key jobs in the de- 
fense industry. 

Both the unsensational conduct of 
the hearings and some superficial re- 
ports have given the impression in a 
number of quarters that the whole in- 
vestigation is preparing to wander off 
somewhere and die. 

This impression is very misleading. 
Actually the subcommittee has pro- 
ceeded according to pre-established 
plans. 

The subcommittee has sought to 
hear first from the number of promi- 
nent figures whose names were tossed 
about in the noisy developments that 
brought on the hearings. The second 
phase is scheduled to involve detailed 
examination of specific cases. 

* Testimony may be damaging— 
Moreover, the testimony taken to date 
could well be far more damaging than 
it may at first appear. 

One by one the witnesses beginning 
with Deputy Defense Secretary Thomas 
Gates have sat in the crowded sub- 
committee room and stated that they 
know of no attempts by retired mili- 
tary officers to influence defense cor- 
tract awards by the Pentagon. 

As Gates told the subcommittee: 
“All these contracts are made in the 





interest of the department and are 
not awarded on any other basis— 
friendship, influence or anything else.” 


Gen. C. S. Irvine, former Air Force 
Deputy Chief of Staff for Material and 
now an Aveo vice president, testified 
bluntly: “If I wanted to make sure my 
company didn’t get a contract, I would 
go talk to my successor and ask him to 
do me a special favor.” 


But under questioning most wit- 
nesses also said other things. 


For example, Irvine agreed that 
he might be more readily listened to 
by a former junior officer who over 
the years had come to respect his 
judgment. 

Others agreed that it certainly 
might be easier for a retired military 
officer to gain the ear of a former as- 
sociate still in the Pentagon. 


And Gates, himself, said that the 
president of a company was its “No. 
1 salesman” and agreed that the com- 
pany’s board chairman was its “No. 2.” 

The new Deputy Secretary at- 
tempted at this point to draw a dis- 
tinction as to what is meant by the 
term “salesman.” 

“What is selling?” he asked rhe- 
torically. 


“That is what we are trying to 
find out,” Hébert snapped. 

Since then subcommittee members 
have repeatedly quoted Gates as in 
identifying defense contractors’ “No. 
1” and “No. 2” salesmen. 

* Not enough testimony—lIn all, 
the subcommittee already has enough 
of such testimony to state in its re- 
port if it chooses that a number of 
the nation’s top present and former 
military leaders concede that the 
subtle pressuring of military officers by 
their former military associates is pos- 
sible. 


QUOTABLE QUOTES ON RETIRED OFFICERS 


What is still lacking, of course, js 
any proof that this is what has beep 
happening. 

That is what the subcommittee 
staff is already digging for as it sifts 
more than 5,000 questionnaires made 
out by ex-military officers and ex. 
Federal officials now employed by de- 
fense contractors. That—or the lack of 
it—is what will make up the second 
phase of the hearings. 


The subcommittee can be expected 
to attempt to show that the award of 


Contract X was influenced by alleged | 


influence brought to bear by retired 
Gen. or Adm. or Col. or Cmdr. Y. 

Nor for the purposes of bringing 
about new legislation need such evi- 
dence be capable of standing up in a 
court of law. It needs only to be strong 
enough to convince Congress and the 
public. 

The writing of any legislation that 
might result from the hearings would 
be an extremely complex problem. As 
many astute lawmakers have found in 
the past, it is most difficult to legislate 
honesty. 

However, several proposals have al- 
ready come up a number of times in 
the hearings. 

One would put some kind of ban 
—say two years—on the hiring of re- 


tired military officers for anything but | 


technical jobs. Of course, such a line 
is most difficult to draw. 
A second proposal is that Penta- 


gon officers involved in the contract- } 


ing process be required to submit lists 


of all who talk to them about contracts | 


to all interested parties. 

Other proposals are 
drastic. 

Whether any of them will ever be 
enacted into law will depend on how 
explosive Chairman Hébert’s _ hand 
grenades may prove to be. 


far more 








General of the Army Omar Bradley, now chairman of 
the board of the Bulova Watch Co.—‘“The greatest con- 
tribution we can make is because of our experience in ad- 
ministration and organization.” 

Rep. Paul J. Kilday (D-Texas), high-ranking member 
of the House Armed Services Committee—“I take the posi- 
tion that no officer should retire and soon thereafter enter 
the employment of a contractor in a position which would 
give him an opportunity to have that contractor favored 
or even give the appearance of so doing.” 

Vice Adm. Hyman Rickover—“/ believe it is where 
you get up to captain and admiral and it is in positions 
such as Washington representative or where due to their 
personal contacts (they) can influence policy.” 

Rep. Samuel Stratton (D-N.Y.)—“Jt would be a grave 
mistake if this committee were to proceed in the assumption 


10 








that there is something inherently wrong with a retired of- 
ficer going to work for a defense contractor .. .” 

Rep. Alfred E. Santangelo (D-N.Y.)—"“. . . / sense am 
odorous aura created by the extensive hiring of retired 
military personnel. This practice . . . smells to the high 
heavens and races with missiles and aircraft to outer space.” 

Gen. C. S. Irvine, (ret.), now vice president of Aveo 
Manufacturing Corp.—‘“You just can’t go back and say @ 
a guy who used to work for you: ‘You know, give me a ham 
sandwich.’ You got to have a little pride.” 

Rep. Porter Hardy Jr. (D-Va.), Hébert Subcommittee 
member—“No military man or nobody else . . . would g@ 
into the office of a procurement officer and say: ‘Do meé@ 
favor and buy what I have here.’ I don't think it would be 
done that way. But there are a lot of other ways to skin 
a cat.” 
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TWO YEARS of devel- ‘ 
opment time shaved off ahead-of-time weapon systems 
Titan. 
by Erica Karr ® Thor—First fully successful flight 
WASHINGTON—Five vears ago this Of the Thor 105 (September, 1957). 
, month Brig. Gen. Bernard A. Schriever © Atlas—Atlas takes off without a 
wok over command of ARDC’s new hitch for the first time. (December, 
Western Development Division, set up !957). 
to accelerate the Air Force’s ICBM ® Capsule Recovery—Data from 
program. In a short half-decade the Space was recovered with the capsule 
organization, which became the Air sent up at 10,000 mph ima Thor re- 
Force Ballistic Missile Division, entry vehicle (June, 1958) 
, launched and proved out a revolution ° ICBM flight—The first successful 
ary approach to development of a ballistic flight, impacting successfully 
weapon system. Using the concept of fter re-entry at ICBM range was 
concurrency (simultaneous develop- achieved after second launch of a Thor 
| ment of components), and turning over 44/e (July, 1958) 
the responsibility for engineering and © Pioneer—Deepest probe into 


space by a man-made object was Pio- 
neer I’s 71,300 mile journey during 
which it picked up data confirming ex- 
istence of the Van Allen radiation belts 
and confirming they would not be in- 
surmountable obstacles for man in 
space (October, 1958) 
® Full-range Atlas 
was confirmed when it flew 


technical direction to the Ramo-Wool- 
dridge Corp., the AF ICBM program 
) wolved ahead of schedule, with an 
estimated two-year shaved off develop- 
ment of the Atlas, Titan and Thor 
Growing at first slowly from a 
group of less than 50, Gen. Schriever’'s 
“scientific community” expanded to to- 
day’s 1600, backed up by the 3000 em- 





Atlas capability 
6300 miles 


ployed of Space Technology Labora- (November, 1958) ha, 
tories (offshoot of Ramo-Wooldridge). 7 Operational Thor—First SAC 
In the long record of achievements. launch of operational-ty pe Thor took 


place three years after it was given ok 
for development (December, 1958). 

® Multi-stage ICBM Completely 
successful first test flight of the Titan 
launched the free world’s second type 
ICBM—a multi-stage heavier and 
“more sophisticated” vehicle. 


these highlights stand out: 

® Re-entry—Bucking general scien- 
tific opinion, BMD proved through its 
| series of tests with the X-/7 ballistic 
test vehicle that successful re-entry was 
possible at more than 12 times the 


speed of sound (July, 1956) 





BIG JOB OF BMD now is preparing for operational status of Atlas ICBM. Here is 
artist concept of proposed facility at Warren AFB, Wyoming. 
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BMD's ‘Radical Approach’ 
To ICBM Pays Off 


Concepts of concurrency & central- 
direction responsibility produce 





“FOUNDING” father of BMD was Brig. 
Gen. Bernard A. Shriever, now heading 
ARDC, 


® Polar-launched _ satellite—Dis- 
coverer I, man’s first polar-orbiting 
satellite circled the earth over 10 days. 


Weight with orbiting 2nd stage—1300 
pounds (February, 1959). 
® Re-entry vehicle recovery—Thor 


Able carried aloft a test vehicle which 
radioed back evidence of its successful 
re-entry and then was retrieved from 
the Atlantic Ocean where it impacted 
(April, 1959). 

® Space Pix—First pictures of on- 
the-scene rocket separation were made 
by motion picture camera carried by 
Thor IRBM re-entry vehicle to 300 
miles altitude (May, 1959). 


Looking to the future, BMD has 
set for itself an ambitious long-range 
goal: development of integrated space 
forces, since “space is our newest mili- 
tary medium.” Meanwhile, BMD’s 
sights in the near future are set on per- 
fection of the missiles now in being; 
bringing to maturity such second gen- 
eration missiles as the Minuteman, con- 
centrating on greater mobility and pro- 
tection at launch and greater accuracy; 
development of a reconnaisance satel- 
lite, a satellite-launched missile, and an 
anti-missile defense system 
(MIDAS). 


satellite 




















Convair Redeye is fired from tube. 


by James Baar 


WASHINGTON—The Army and Navy 
have publicly unveiled two of their 
latest missiles—the Convair Redeye and 
the Martin Bullpup. 

One carries death over the battle- 
field to straffing jets. The other carries 
death to ground installations and ships 
at sea. 

Development of both arises directly 
from needs learned in battle. 

Army foot soldiers have needed a 
light, mobile weapon to strike back at 
ever faster tactical aircraft. So have the 
Marines. They will get Redeye. 

Navy pilots have needed a substi- 
tute for costly divebombing. So has the 
Air Force. They will get Bullpup. 

Both missiles pack conventional 


warheads. However, the Navy is under- 
stood to be planning development of a 





inches and carries infra-red guidance. 


12 


FOUR FOOT long Redeye has a diameter of about three 


REDEYE AND BULLPUP 


Bazooka-type missile details released 
Martin ASM becomes operational in Atlantic 


Bullpup with a nuclear warhead. 

The Navy also is planning develop- 
ment of a super Bullpup with a conven- 
tional warhead. This would pack the 
punch of a 1000-pound bomb. The 


present model contains a 250-pound 
bomb. 

The Army unveiled its formerly- 
secret Redeye for the 1959 annual 


meeting of the Association of the U.S. 
Army. 

*® Redeye specs—The four-foot long, 
solid missile is designed to be fired by 
one or two men from a tube similar to 
the bazooka. Its diameter is about three 
inches. It has infra-red guidance and 
undoubtedly has a proximity fuse. The 
entire weapon weighs about 20 pounds 
—some 15 pounds lighter than a ba- 
zooka of approximately the same size. 

The Redeye program-——now in an 
advanced R & D stage—was started 








before the Korean War. More than $% 
million has been spent on it. 

[he missile is one of the first of a 
series of new secret missiles being de- 
veloped for arming an Atomic Age 
Army. Among the others are Claymore 
and the Martin Davy Crockett 

Davy Crockett, a  nuclear-tipped | 
missile designed to be fired like a rifle } 
grenade, is of particular interest in the | 
development of a nuclear Bullpup. A | 
generally similar fractional yield war- 
head would be used for both missiles. | 

The Navy demonstrated the capa 
bilities of the newly-operational Bull. 
pup as part of a fire power show put 
on the end of July from the Carrier 
Saratoga. 

[he carrier, which lay 
miles off the Florida coast, 


about 12 
launched 


three Douglas A4D Skyhawks armed | 
Bullpup 


with one each. The _ three} 





ENTIRE WEAPON weighs about 20 pounds, some 15 pounds 


lighter than a bazooka and probably carries a proximity fuz 
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fighter-bombers fired their missiles at 
smoke pot targets floating on a rela- 
tively calm sea. One missile overshot 
its target. Two scored direct hits. 

The Mach 1.8 Bullpup is 11 feet 
long. It has a one foot diameter. It 
weighs about 600 pounds including a 
250-pound conventional warhead. 

The simply-designed missile is di- 
vided into three sections: The rear sec- 
tion contains a solid motor and tracking 
flares; the center, the warhead; the 
nose, the command guidance and con- 
trol equipment. 

The Bullpup can be launched at a 
target from 12,000 to 15,000 feet away. 
The launching plane then follows the 
missile part of the way in while the 
pilot guides it with a thumb switch. 
The launching plane is able to pull out 
of its dive while it is still one to two 
miles from the target. 

The missile is designed to meet two 
specific problems: 

®*Cut the high loss of aircraft 
forced to fly through heavy ground fire. 

® Improve the reduced accuracy of 
bombs dropped by supersonic aircraft. 

* Deployed in Pacific—Operational 
Bullpups were deployed for the first 
time aboard the Carrier Lexington in 


the Pacific. 


An A4D can carry three Bullpups 


hif it does not carry extra fuel tanks. 


A North American FJ Fury can carry 


So far Navy pilots generally have 
found Bullpup a highly reliable and 
accurate missile. However, the principal 
problem confronting them at this time 
is obtaining enough for training. Most 
Bullpups now being manufactured are 
Placed in the national war stockpiles. 

The Air Force originally sought de- 
velopment of a much more advanced 
version of Bullpup known as White 
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THESE A4D’s can carry three Bul/pups if extra fuel is not required. Aircraft belong to VA-34 of CAG-3, NAS Cecil Field, Fla. 


Lance. This plan now appears to be 
dead. Instead, the Air Force will buy a 
Bullpup with a few special modifica- 
tions. 

At present, the Bullpup, because of 
its relatively small warhead, is designed 
for use against such targets as bridges, 
tanks, pillboxes and similar ground 
installations. 

However, the nuclear-loaded Bull- 
pup would be capable of sinking any 
ship afloat. The Air Force also would 
presumably be interested in such a 
weapon for tactical use. 

A Bullpup with a nuclear warhead 
would not need the great accuracy of 
the conventional models. It could be 
fired from greater distances and the 
launching plane would not have to fol- 
low it as far toward a target. 

The peak destructive overpressure 





CONTROL section for Bullpup is installed 
at Martin’s Orlando, Fla. facility. 






































from a shallow underwater nuclear 
explosion carries much farther than it 
does 4n an air burst. 

For example, only an 8 kiloton 
warhead detonated nearly a half-mile 
from an enemy ship would smash its 
hull with an overpressure of about 
3000 pounds psi. 

An overpressure of 3000 to 4000 
pounds psi is considered sufficient to 
sink any ship of substantial construc- 


tion. But even much lower over- 
pressures can sink a ship or completely 
disable it. And overpressures of less 


than 1000 are considered sufficient to 
badly damage internal equipment. 

Finally, such underwater blasts even 
a considerable distance from a ship 
also result in damage to superstructures 
from both shock waves in the air and 
high waves. 

* Development of weapons—Like 
Bullpup, Redeye and Davy Crockett 
are part of an overall attempt by both 
the Army and Navy to build up the 
nations limited war potential. 

Such weapons are designed to en- 
able a small force to mount sizeable 
firepower against an attack by much 
larger conventional forces. 

Some observers have noted a trend 
in congressional thinking toward a 
greater buildup of such forces in the 
next few years. However, without a 
budget increase the billions that would 
be needed for such a buildup would 
have to come from funds that have 
been spent in the past for a buildup of 
U.S. strategic forces. 

Moreover, there has been no indi- 
cation that the cost of maintaining U.S. 
strategic power is about to decrease. 
Instead, with the coming of hardened 
missile sites and large-scale ICBM pro- 
duction, it is expected to increase. 
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ARPA Obligating $18 


Million for Solids Research 


by Betty Oswald 


WASHINGTON—The Advanced Re- 
search Projects Agency is spending a 
total of about $33 million for explora- 
tion in new high-energy solid propel- 
lants and supporting programs. Of this 
figure $18 million will be obligated in 
fiscal 1960. 


The objective is to develop im- 
proved solid propellants with useful 
energy 10 to 20% above the solid pro- 
pellants now being used. The net effect 
would be to double the warhead-carry- 
ing capacity potential of future inter- 
continental ballistic missiles. 

Funding in 1959 amounted to $15 
million spread over 54 contracts in 
seven broad research areas. As listed 
in a Pentagon Fact Sheet, they are: 


* Integrated programs: $6,000,000 
—4 contracts. Minnesota Mining and 
Manufacturing; American Cyanamid; 
Dow Chemical; Esso Research & En- 
gineering. 

The integrated program concept in- 
volves thermochemistry, thermodynam- 
ics and performance estimates; chemi- 
cal studies aimed at the synthesis of 
new ingredients; propellant formula- 
tion and compounding; and the study 
of the properties of the final propellant 
including ballistic and mechanical 
properties all in a single contract. The 
primary criterion for the selection of 
these contractors was the caliber and 
suitability of the scientific personnel 
available. The concept involves the 
definition of the research program in 
terms of the objective rather than in 
terms of ways and means of attaining 
the objective. 

* Propellant performance: $1 ,720,- 
000—11 contracts. National Bureau of 
Standards; University of California; 
Ohio State; Arthur D. Little; Bureau of 
Mines (Bartlesville); Allegany Ballistics 
Laboratory; Aeronutronic Systems, Inc.; 
Rohm & Haas; Atlantic Research 
Corporation; University of Chicago; 
University of Wisconsin. 

A substantial program has been set 
up involving the selection and assembly 
of best thermodynamic values, perform- 
ance calculations based upon these 
values, and kinetic studies aimed at 
the elucidation of processes which 
occur during expansion. These studies 
are providing a firm basis for the 
selection of those areas of chemistry 
which are most likely to contribute 
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substantially to the desired goals. 

* Specialized synthesis: $3,840,000 
—18 contracts. Magna Products; Penn 
State; Duke University; New York Uni- 
versity; University of Florida; WADC, 
Materials Laboratory; Rohm & Haas; 
NOTS, NOL (Corona); Olin-Mathie- 
son; Allied Chemical; Callery Chemi- 
cal; Monsanto Chemical; Pennsalt; Bor- 
den; Peninsular Chemresearch; Ethyl 
Corporation; Atlantic Research Cor- 
poration; National Research Corpora- 
tion. 


The work under the integrated 
programs involves a large percentage 
of synthetic work. However, the neces- 
sity for new ingredients, if the objec- 
tives are to be achieved, recommends 
the placement of contracts concerned 
solely with synthetic work. This type 
of program will enable the DOD to 
obtain the services of laboratories 
especially highly qualified in certain 
branches of synthetic chemistry of 
special pertinence. The principal areas 
covered in the specialized contracts for 
synthesis already placed or planned in- 
clude: new oxidizers, new light metal 
fuels, and research directed towards 
new chemical techniques. 

* Propellant research: $750,000—3 
contracts. 

The new ingredients which are ex- 
pected to become available as a result 
of the synthesis programs are likely to 
have properties quite different from 
those now used. This would recommend 
that new compounds be made avail- 
able as quickly as possible to all major 
propellant research centers. However, 
it is also essential to preserve the Gov- 
ernment’s interest by seeing that com- 
positions involving new ingredients do 
not become proprietary if the research 
is Government-sponsored. It has been 
decided that initial work on the use of 
new ingredients would be confined to 
certain laboratories which are free of 
proprietary restrictions. The designated 
laboratories are: 

Ordnance Missile Laboratory; Naval 
Ordnance Test Station; Picatinny Ar- 
senal; Naval Propellant Plant; Jet Pro- 
pulsion Laboratory; Rohm and Haas, 
Redstone Division. 

All propellant research on new in- 
gredients coming out of ARPA synthe- 
sis contracts will be coordinated through 
the three Services. 





® High temperature research: $| . 
900,000—8 contracts. Applied Physics 
Laboratory; Allegany Ballistics Labora- 
tory; Union Carbide Corporation; Cor. 
nell Aeronautical Laboratory; Atomics 
International; AVCO Manufacturing; 
General Electric; National Bureau of 
Standards. 


Present day high performance solid 
propellants have flame temperatures jn 
the vicinity of 5000°F. Propellants 
now under development may be sub. 
stantially hotter and accordingly, sub- 
ject the inert parts to extreme condi- 
tions. It is necessary to have a research 
program designed to solve this problem 
The research program planned involves 
the mechanism of ablation, properties 
of refractories, insulation studies, and 
a study of the pyrolysis of organic 
polymers. These programs are meant to 
supply fundamental knowledge as to 
the resistance of inert Components to 
high temperature. 

® Non-destructive testing: This pro- 
gram is now being reviewed and deci- 
sions will be announced shortly. Due to 
the fact that solid-fuel engines are be- 
coming successively larger every year, 
this has placed an ever increasing de- 
mand on the mechanical properties of 
the propellant. Failures such as crack- 
ing, separation from the liner and areas 
of porosity are likely to occur. These 
faults can increase the burning surface 
over that expected, leading to un- 
predictable and occasionally disasterous 
pressure increases. Additionally, cer- 
tain faults may expose the wall surfaces 
of the engine to high temperatures pre- 
maturely, leading to failures at operat- 
ing pressures. Accordingly, an advanced 
solid propellant program should = in- 
clude a substantial effort on techniques 
for non-destructive testing and inspec- 
tion. Failure criteria need to be de- 
veloped and instrumental methods for 
the detection of faults require a great 
deal of refinement. This program is 
being reviewed for future funding. 

® Basic research: $873,000—10 
contracts. Bureau of Mines (Pittsburgh), 
Brooklyn Polytech; University of Cali- 
fornia; Princeton University; Aerojet- 


General Corporation; Aerochemical 
Research Laboratory; University of 
Texas; Stanford Research Institute; 


Materials Research Corporation; Van- 
derbilt University. 

A variety of basic research programs 
involving many areas pertinent to the 
overall objective were set up through 
the basic scientific offices of the three 
Services. These programs include 4 
study of detonation, the study of burn- 
ing rate of solid propellants, metast- 
able systems, ductile ceramics, ceramic 
fiber-alloys, and various spectroscopic 
studies of combustion products. 


missiles and rockets, August 3, 1959 

















Sil 


cuit te 
testing 
missile 
En 
chine ¢ 
inside 
they c 
at wha 
Ne 
cases f 
Minute 
test al 
cases, 
it poss 
fore < 
potenti 
by a 
from t 


gineers 
sure Ca 


Mo 





'< 
TELEV 


missiles 




















astronautics engineering 





TV Watches Engine Case Tests 


Newbrook Engine Corp. engineers learn 


how failure occurs by observing hydrostatic 


skin tests from safe vantage point 


by Jay Holmes 
SILVER CREEK, N.Y.—Closed-cir 
cuit television has been put to work 


testing rocket engine cases safely at a 
missile hardware plant here. 

Engineers at the Newbrook Ma- 
chine Corp. have installed a TV camera 
inside their hydrostatic test cell so 
they can see just when, where, and 
at what pressure a case begins to fail 

Newbrook, which manufactures 
cases for such large missiles as Polaris, 
Minuteman, Sergeant and Jupiter, can 
test all of them in its cell, In most 
cases, Observation by television makes 
it possible to turn off the pressure be- 
fere complete failure occurs. The 
potential failure is located precisely 
by a small stream of water issuing 
from the spot. And the Newbrook en- 
gineers know exactly how much pres- 
sure causes the rupture. 

Most hydrostatic testing of rockets 








TELEVISION HELPS watch remote-control rocket-case test at Newbrook Machine. 
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is done in a closed chamber for safety. 
But without a TV viewer, are 
often tested to failure. And when they 
do fail, there sometimes is no way of 
knowing just where and when it hap- 
pened. 


cases 


Normally, the cases are tested for 
one minute at pressures up to 1235 
pounds per square inch. However, addi- 
tional pumps are available for pushing 
the pressure up to 10,000 psi. 


The hydrostatic test is only one of 
several tests given rocket engine cases 
before they leave the Newbrook plant 
in this Lake Erie community. Hard- 


ness of the surface is checked with 
use of an instrument that measures 
magnetic and electric properties. This 


avoids damaging of the case in a 
diamond-point test. Other tests include 
tensile pulls, X-ray examination, bi- 
axial disc tests and hydrostatic tests of 


triaxial forces 





A. J. Newman, Newbrook 
dent, is confident that any metal can 
be welded to meet the exacting stand- 
ards of the missile industry. As evi- 
dence, he showed a recent visitor 
dozens of cases tested to failure. In 
every case, the failure occurred away 
from the seam, “You have to do your 
welding properly,” he said. “Close con- 
trol is necessary. And you have to have 
welders who know their business.” 

Newbrook Machine is the second 
corporation started by Newman and 
Leroy Brooks, two engineers who set 
out on their own after World War Il 
from the Cornell Aeronautical Labora- 
tory in nearby Buffalo. They established 
Excelco Developments Inc. in 1946 
and Newbrook in 1951. 

They started small but have grown 
steadily. Employment now ranges from 
200 to 250. Newbrook and Excelco 
say they have delivered more rocket 
engine cases for research and develop- 
ment than any other single vendor in 
the country to date. 

Newbrook uses closed-circuit tele- 
vision for other uses besides watching 
what goes on in the test cell. A camera 
has been installed next to one bench 
where fine-tolerance machining is done. 
The worker can examine his piece of 
metal on an enlarged image in a tele- 
vision receiver above his head. 

Another application is in maintain- 
ing plant security while showing cus- 
tomers the progress of their work 
Often, work is being done on classified 
projects next to a civilian or unclassi- 
fied job. In such a case, the customer 
may not be cleared to view the classi- 
fied work. The solution is to point the 
camera at the unclassified job. Then 
the customer can view it on the office 
receiver. 

Newbrook’s facilities are sufficient 
for manufacturing the largest rocket 
cases that could be transported on a 
highway under a bridge. If he gets 
orders to build anything larger, New- 
man said, he will clear an area a half- 
mile away on the Lake Erie shore and 
fabricate at dockside. 


presi- 
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No Action Soon on Industrial Security 


Three bills introduced in Congress but vote not 


expected before next session even in light of 


Supreme Court decision 


WASHINGTON—It’s becoming _ in- 
creasingly apparent that industry will 
have to play the “industrial security 
program” by ear until the next ses- 
sion of Congress. This means that de- 
fense contractors will have to continue 
to follow the elaborate set of rules es- 
tablished by the Defense Department 
which are applicable both to military 
and National Aeronautics and Space 
Administration contractors. 


Trouble will come only in those 
cases where a charge is made that an 
employee constitutes a security risk. 
A discharge of such an employee, even 
if ordered by the Pentagon, could cause 
trouble in view of the decision of the 
U.S. Supreme Court in the Greene 
case. There the high court held that the 
industrial security program was invalid 
since it was based neither on legislation 
nor an executive order of the Congress. 


Seemingly this meant that the pro- 
gram could be revalidated by the simple 
act of issuing an executive order. How- 
ever, there is language in the opinion 
of Chief Justice Warren which points 
to a new concern that those charged 
with being security risks must be given 
the right to confront their accusers. 
This language runs squarely counter 
to the basic security tenet that it is 
essential that informers and information 
gathered in so-called “raw” files be 
protected. Efforts to solve this problem 
have not been successful, and both the 
White House and the Justice Depart- 
ment continue “to study” the possible 
solutions. 


® Bills offered—In the meantime, 
three bills have been introduced. Two 
($2392, 82146) have been referred to 
the Senate Judiciary Committee but 
have not yet been assigned to a sub- 
committee for hearings. On the House 
side, one bill has been introduced. It’s 
HR8121, introduced by Rep. Francis 
E. Walter (D-Pa), head of the House 
Un-American Activities Committee. 


That Committee has asked for re- 
ports from the affected executive depart- 
ments but has not yet received replies. 
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Until those replies are received, hear- 
ings are not considered likely. 

On the Senate side, one bill, $2392, 
has been labelled as “emergency” legis- 
lation by its sponsors, Senators Olin D. 
Johnston (D-S.C.) and James O. East- 
land (D-Miss.). It would establish 
legal authority for the industrial se- 
curity program as required by the Su- 
preme Court decision. It would not, 
however, touch the tricky constitutional 
question of the right of the accused to 
confront his accusers. In introducing 
the bill, Sen. Johnston commented that 
industrial security could thus be kept 
alive while Congress sought to deter- 
mine what, if anything, should be done 
to solve constitutional questions. 


The other Senate Bill, $2146, seeks 
to meet the right of confrontation head- 
on. Introduced by Senators Thomas J. 
Dodd (D-Conn.) and Kenneth Keat- 
ing (R-N.Y.), the bill, in the words of 
its sponsors, is designed “to eliminate 
unsupported charges by faceless _in- 
formers in such cases by subjecting 
them to confrontation and _ cross-ex- 
amination, and at the same time to 
protect regularly established confidential 
informants engaged in intelligence work 
for the government whose identity may 
not be disclosed without compromising 
the national security.” 

Under the terms of the Dodd-Keat- 
ing bill, any person denied clearance 
for access to classified information or 
material or whose clearance has been 
suspended shall be given: (1) a written 
statement within 30 days showing the 
reasons, “stated as specifically and in 
detail as security considerations per- 
mit”; (2) an opportunity within 30 
days to reply and submit affidavits in 
support of such reply; (3) a hearing, 
at his request, before a hearing officer 
designated for such purpose, who is 
required to prepare a recommended de- 
cision; (4) a review of the recom- 
mended decision by the head of the 
agency involved; and (5) a written 
statement of the decision of the agency 
head. 


The bill spells out in detail how 












































hearings shall be conducted to provid 
maximum opportunity for the accused 
to protect himself. It provides among 
other things that hearings shall be com 
ducted so as to assure “a full disclosure 
of any evidence against the accused 
and confrontation of all adverse wit. 
nesses.” 

® Exception—There is one import ¥ 
ant exception spelled out. This would 
bar the right of the accused if a finding 
is made by the hearing officer o 
agency head that the national security, 
public safety or public interest would 
be adversely affected. However, the 
bill would bar reliance on “derogatory 
information” as a basis for denying 
clearance “unless the applicant has beea 
furnished a statement by the hearing 
officer summarizing such informatio 
in as much detail as is possible without 
adversely affecting the national security, 
safety or public interest.” 

The bill also assures the right of 4 
person who loses security clearance and 
his job, as a result, to recover the dif 
ference between the pay he would havé 
earned if allowed to remain on the je 
and his aggregate earnings during th 
period in which his employment wat 
suspended or terminated. Obviously 
this right goes only to the man w 
wins his case on review. 

*No action soon—Despite & 
fact that this bill comes close to me¢ 
ing the goals set by the Supreme Cow 
it is a virtual certainty that Congres 
sional action will be delayed until t 
next session at the earliest. Informe 
sources say that lack of time along 
would dictate the delay. They add t 
there is no particular urgency at thi 
time since defense contractors are get 
erally playing along, and can alwa 
pass on the bill to the Pentagon if 
discharged employee successfully wi 
a fight for reinstatement. 

Other tough problems include t 
need for a definition of such terms #® " 
“derogatory” information, as well as @aa% 
clear definition of the procedures undef 
which adverse security decisions woul 
be reviewed. 
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FLIGHT SCIENCES: Principle of the step or multi-stage rocket, considered 
fundamental to the art of modern missiles and space flight, was set forth as 
long ago as 1650 by Kazimierz Siemienowicz, lieutenant-general of ordnance 
to the king of Poland. His design teatured a 3-stage rocket with each step 
having #8 own gunpowder fuel, fuse, and nozzle. 


EXPANDING THE FRONTIERS OF ~ 
1 57.1 Oa 07,1, [eo] Mele) | 


Pioneering work at Lockheed is being conducted in free molecular 

flow in orbital flight; high altitude atmospheric properties; trajectory 
studies and missile flight dynamics; celestial mechanics with emphasis 
yields elic-lmic-len tile mm ele-relientlelit-m-lilemel-mrelaelidlile 


Lockheed's capabilities in gas dynamics and thermodynamics are 
unsurpassed in private industry. Basic work is being performed in 
boundary layer flow and heat transfer; cooling and insulation; 
thermodynamic flight test; instrumentation; rocket motor controls and 
nozzle structures; reentry and materials; thin film thermometry; 

and measurements of dissociation and re-combination reactions. 


Fundamental studies include hypersonic aerodynamics; environmental 
effects on satellite surfaces; magnetohydrodynamics; ultra-violet and 
infrared radiation from high temperature air flows; structure of 
hypersonic shock waves; new measurement methods; analysis of 
boundary layers near melting surfaces and study of lag or non- 
equilibrium in high speed flow through shock waves. 


Equipment includes an electrically-driven wind tunnel—‘astest in 
industry—which produces airflows to Mach 20-plus and stagnant 
temperatures approaching 16,000°F, with an instantaneous power output 
of 20 million kilowatts. A spark-heated, magnetically driven research 
shock tube produces velocities of over Mach 250 and temperatures of 
500,000°F , and a specially designed, electric gun has accelerated 
projectiies to speeds approaching 20,000 ft/sec. 

Major emphasis in structures concerns the design of reentry bodies, 
thrust termination and underwater launching devices. The Navy Polaris 
FBM required the solution of complex structural problems necessitated 
by the unique launching environment—water. 

Other significant work has been accomplished in diversified aspects 

of aerodynamic and hydrodynamic ioad distribution, aeroelastic 
etfects, studies of special dynamic problems arising from aerodynamic 
disturbances, cavitation, launching conditions and thermal problems 
relating to analysis of a complex structure taken through a complete 
time-temperature environment, 

Lockheed Missiles and Space Division programs reach far into the 
future and deal with unknown environments. It is a rewarding future 
which scientists and engineers of outstanding talent and inquiring 
mind are invited to share. Write: Research and Development Staff, 
Dept. H-29, 962 W. El Camino Real, Sunnyvale, California. 

U.S. citizenship required, 


MISSILES AND SPACE DIVISION 


Weapons Systems Manager for the Navy POLARIS FBM, DISCOVERER 
SATELLITE; Army KINGFISHER; and Air Force Q-5 and X-7 


SUNNYVALE, PALO ALTO. VAN NUYS, SANTA CRUZ, SANTA MARIA, CALIFORNIA 


CAPE CANAVERAL, FLORIDA «¢ ALAMOGORDO. NEW MEXICO * HAWAII! 











astronautics engineering 





Centaur Engine Tests Begin 


Scheduling calls for Pratt & Whitney to deliver first opera- 





tional liquid hydrogen engine to Convair in 1960 for use 


in NASA’s space vehicle Centaur, to be finished in 1961. 


by Paul Means 


WASHINGTON—The nation’s first 
second generation space engine—Pratt 
& Whitney’s liquid hydrogen-liquid 
oxygen XLR 115 P-1—is scheduled for 
delivery to Convair Astronautics for 
integration into NASA’s Centaur space 
vehicle in 1960. 

Two years later, the high energy 
engine will be placed on top of ABMA- 
ARPA’s million and a half pound 
thrust clustered Saturn booster for 
initial flight tests. 

XLR 115 P-1, which will give the 
upper stage push to perform such mis- 





THRUST CHAMBER of XLR 115 is 
lifted onto test stand for static firing. 
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sions as orbiting 24-hour communica- 
tion satellites and sending man to the 
moon and back, is currently under- 
going full scale developmental static 
run-up tests at Pratt & Whitney's 
Florida Research and Developmental 
Center at Palm Beach, Fla. 

Its first use will be as the second 
stage of Centaur, which will have the 
Convair Atlas for its first stage, and 
optional use of JPL’s 6 K, a 6,000 
pound thrust storable propellant engine, 
for its third stage. 

Upon receipt of the Pratt & 
Whitney engine, Convair has about one 
year, under present scheduling, to de- 
sign and fabricate the second stage, 
and to integrate and test the complete 
Centaur vehicle before delivery to 
NASA. 

* Six vehicles slated—tThe six 
Centaur vehicles NASA has contracted 
for are staged to come through in 
intervals of about twe months during 
1961 and 1962. 

Project Centaur was funded for $22 
million by ARPA in FY 1959 and for 
$42 million by NASA in FY 1960. 
Estimated individual cost of the first 
six Centaur vehicles is $7,500,000. 

Early development of liquid hy- 
drogen as a rocket fuel has been car- 
ried on for some years by NASA’s 
Lewis Laboratories at Cleveland, and 
by the Air Force. 

The low molecular weight fuel has 
a heating value of some 2.8 times that 
of kerosene. Its specific impulse when 
used with liquid oxygen is 391 com- 
pared to 300 for a LOX-kerosene com- 
bination, an improvement of about 
40%. In spite of its low density and 
attendant large tank volumes, liquid 
hydrogen’s better fuel economy allows 
for great increases in payload weights. 


TWILI 
rocket 


pumps 

Before liquid hydrogen could be of ma 
considered seriously as a space vehicle lo 
fuel, methods had to be devised where. Pratt ¢ 
by it could be produced with exacting the sp 
standards of purity in great quantity, engine 
and could be handled and transported eryoge 
safely. purge 
The U.S. Air Force, project super-| nology 
visor of Centaur under ARPA, and Ra 
retained in this role by NASA, began pound 
large tonnage production of high purity engine 
hydrogen under contract to Air Prod.| ‘luster 
ucts Inc., at the U.S. Air Force Plant engine 
No. 74 in the Florida Everglades, not} 1! 
far from Pratt & Whitney’s West Palm! and f 
Beach facility. Other hydrogen plan 
initiated by the Air Force are an Ai 
Products, Inc. plant at Painesville, O 
and a Stearns-Roger Manufacturing C 
plant at Bakersfield, Calif. 
AF Plant No. 74 combines cru 
oil, air and water to generate the g 
and then expansion turbines 
remove energy and liquefy it. 
[he liquefied gas is then ship 

in Dewar tanks enveloped in nitro 
to users. At the Pratt & Whitney W 
Palm Beach installation, the Air For 



















uses 


currently is piping the fuel over 
distance of nearly half a mile in 
vacuum-jacketed pipe system. 


The problems Pratt & Whitney fa 
in developing the first practical liqui 
hydrogen engine center around 
fact that the cyrogenic material has 
boiling point of —422F’. 

® Quick disconnect necessary 
Since the Pratt & Whitney engine wi 
be fired after the Atlas booster 
carried it far into space, the fuel wi 
have to be kept cold during the basi¢ 
booster phase or the pressure in the 
tanks will rise to bursting point. Other 
problems besides insulation include 
the necessity of keeping lines and 
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VIEW of Pratt & Whitney’s double test stand for liquid hydrogen 


rocket engines showing the big tubes through which the engines fire. 


pumps from freezing, and the necessity 
of making quick disconnects 

To counteract these problems, the 
Pratt & Whitney test facilities simulate 
the space conditions under which the 
engine will be fired by the use of 
cryogenic plumbing, high-pressure gas 
purge systems, and a whole new tech- 
nology of test instrumentation. 

Rather than develop one 30,000 
pound thrust engine for Centaur, P&W 
engineers found it advantageous to 
cluster two gimballed 15,000 Ib. thrust 
engines. 

The XLR 115 P-I’s components, 
and full scale developmental models 





THRUST CHAMBERS for Centaur 
engine take shape in Pratt & Whitney's 
assembly area. 
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are currently being tested on four large 
horizontal test stands constructed with- 
out government subsidy by Pratt & 
Whitney. The stands are designed to 
test engines up to 300,000 pounds of 
thrust. 

A fifth and larger vertical test 
stand, jointly financed by the govern- 
ment and Pratt & Whitney, will have 
a capability of static testing a com- 
plete space vehicle, including engines 
and propellant tanks. This stand will 
be ready this fall—in time to begin 
the vertical testing of XLR 115-P-1. 

The P&W engine will have a start- 
restart capability in flight, with sets 
of hydrogen peroxide rockets provid- 
ing upper-stage altitude control during 
the coast period. The coast period, plus 
the high energy propellant, give the 
P&W engine a gain in payload weight 
of approximately 50% over Vega for 
similar missions. 

Straightforward engineering prog- 
ress should increase the thrust of XLR 
115 in the near future from 15,000 
Ibs. of thrust to 20,000 Ibs. of thrust. 

* Three more families—Beyond the 
Centaur engine, P&W engineers are 
planning three families of upper stage 
liquid hydrogen eingines, one ranging 
from 10,000 to 30,000 Ibs. of thrust, 
one from 30,000 to 100,000 Ibs. of 
thrust, and one from 100,000 to 
300,000 Ibs. of thrust. 

NASA has already indicated that 
engines from both the second and 
third families may be used on top of 
the 6 million pound clustered booster 
Nova. 

And P&W engineers feel that prog- 
ress in hydrogen engines will come 
with such rapidity that Nova’s second 
and third stage hydrogen engines may 
be completed before the mammoth 





PRATT & WHITNEY 


pare for an XLR 115 engine test. 


clustered booster is ready for them. 

Though a liquid hydrogen-liquid 
fluorine rocket engine would be the 
ultimate chemical rocket engine, P&W 
engineers do not believe that the 


highly toxic oxidizer will ever replace 


liquid oxygen in liquid hydrogen 
engines. 
They point out that liquid hy- 


drogen’s impulse is only slightly higher 
with fluorine than with oxygen, and 
there would be few missions which 
would require exploiting this advant- 
age. On the other hand, hazards in- 
troduced by fluorine toxic and cor- 
rosive qualities should prevent its use 
as a propellant for manned missions. 


DuPont Constructing 


Metals Research Plant 

WILMINGTON, De..—DuPont will 
build a center for development re- 
search in niobium, niobium alloys and 
titanium at its Baltimore plant. 

The installation, to be completed 
by the fall of 1960, will contain equip- 
ment to forge, extrude, roll, draw and 
heat treat all the refractory metals 
such as tantalum, zirconium, tungsten 
and chromium. But it will concentrate 
on niobium and titanium at first. 

F. H. Weismuller, general manager 
of DuPont’s Pigment’s Department, 
said basic research on other refractories 
will continue “while we engage in 
large-scale testing of metals that 
are closer to commercialization.” 

The unit will be at a plant where 
DuPont has manufactured titanium 
dioxide white pigment for 28 years. 
The company has been interested in 
niobium, also known as columbium, 
since 1957, when it entered a joint 
development program with Thompson 
Ramo Wooldridge Inc. of Cleveland. 
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Inert-Gas Brazing Room Proposed 


Aerospace Industries suggests manufacturers 
study joint establishment of ‘space room’ 


for high-temperature work on metals 


Los ANGELES—An industry group 
suggests it may be feasible to set up a 
jointly sponsored “space room” capable 
of providing a total inert-gas environ- 
ment for welding and brazing metals. 

The Aerospace Industries Assn. of 
America advanced the idea last week 
in its 1959 annual forecast of trends 
and requirements. The association pro- 
posed a study of the project’s feasibility. 

The report made no estimate of the 
cost. However, one engineer familiar 
with the association’s thinking said such 
a facility could easily cost 10 or 15 
million dollars. The engineer, who pre- 
ferred to remain anonymous, said the 
idea is for a room on the order 40’ x 
50° x 6’ in size, where metals could be 
worked at temperatures up to 3500°F. 
The room would be used for both 
manufacturing and research. 

Another idea being kicked around, 
the engineer added, is that equipment 
in the room should be entirely re- 
motely controlled. This would have the 
obvious advantage that it would not be 
necessary to keep atmospheric tempera- 
tures down to those tolerable to human 
workers. Otherwise, they would have 
to be equipped with asbestos clothing 
and air helmets. The air in the room 
would be argon or some other inert 


gas. 


No consideration has been given to 
how the cost might be apportioned. It 
may not be possible to finance it with- 
out government sponsorship, the en- 
gineer said. As yet, however, no ap- 
proach has been made to any govern- 
ment agency. 

The industry group’s report also 
forecast requirements within five years 
for missile materials that will withstand 
brief exposures to temperatures of 
3000°F and within 10 years to 5000°P. 

In addition to these stern demands, 
Aerospace Industries called for develop- 
ment of new materials and methods in 
ever-shorter time spans. The report out- 
lined the needs of the coming decade 
in assembly and joining, metal shaping, 
materials removal, plating and cladding, 
and heat treatment. 

* Combined processes—Trends in 
assembly and joining are toward brazed 
and welded structures and indicate par- 
ticular need for equipment develop- 
ment in this area, the report said. Com- 
bined processes will be necessary—for 
instance, welding and machining in a 
welding positioner. 

The two chief problems will be 
achieving the very close tolerances re- 
quired and brazing, welding and heat 
treating in a controlled atmosphere. To 
produce a stress-free, dimensionally ac- 
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curate unit and locate details through 
high-temperature processes, precision 
sub-assembly tooling will be needed. As- 
sembly tooling and manufacturing will 
be required for joining large sub-assem- 
blies already in the hardened condi- 
tion. For welding and localized heat 
treating during final assembly, portable 
equipment and techniques must be de- 
veloped. 

Aerospace Industries forecast need 
for a method of joining metals without 
heat. The group suggested an approach 
by use of metallic compounds placed 
in the joints, with fastening accom- 
plished by a chemical reaction triggered 
by gas. 

In metal shaping, the association 
predicted a demand for fabrication 
techniques and equipment that will 
place the metal as close as possible to 
its final configuration. This will come 
as more emphasis is placed on develop- 
ing high-strength steels with yields of 
300,000 psi and titanium alloys with 
yields of 200,000 psi. 


® Temperature barrier—1In materials 
removal, Aerospace Industries predicted 
that operations such as shearing, blank- 
ing and machining, now performed at 
room temperature, will have to be done 
with materials or tools heated or at sub- 
zero temperatures. Since some metals 
and almost all ceramics and cermets 
cannot be machined with ordinary 
tools, these jobs will require ceramic 
tools, ultrasonic machining or electrical 
discharge machining. 

Trends in plating and cladding in- 
dicate the demand for automatic sys- 
tems to control the processes, the asso- 
ciation declared. The report called for 
development of nondetrimental plating 
and cladding processes to withstand 
temperatures of 1200°F. 

The industry association forecast 
demands in heat treatment for mini- 
mum-mass materials for tempering and 
fixtures to control parts at treating 
temperatures. Equipment for annealing 
or heat treating large components 
above 2000°F also will be required. 
Sources using radiant heating or induc- 
tion coils may be needed for treating 
“localized” areas of assemblies too 
large for furnace treatment. The re- 
port suggested resistance heating might 
solve this problem. 
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NEW LOX TANKING 
COMPUTER SYSTEM 


WITH 1/10% OVERALL ACCURACY 


NOW IN PRODUCTION 
BY LEONARD FOR THE 
ARMY BALLISTIC 
MISSILE AGENCY 





OTHER RECENT CONTROL PROJECTS BY LEONARD INCLUDE: 


@ PROPELLANT UTILIZATION COMPUTER @ INDICATED AIR SPEED TRANSDUCER 

e@ TANKING COMPUTER CALIBRATOR ® DRAG-RISE DETERMINATION SYSTEM 
@ INDICATED ALTITUDE TRANSDUCER 
® PRESSURE RATIO COMPUTER 


® LOX TANK LEVEL TRANSDUCER 
@ MACH NUMBER DEVIATION COMPUTER 






Wallace O. Leonard, Inc. 


373 SOUTH FAIR OAKS AVENUE 
PASADENA, CALIFORNIA 
TELEPHONE SYCAMORE 2-713! 
TWX-PASA CAL 7321 


Please discuss your 
system requirements 
with our engineers. 
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What Can Withstand Re-entry Heat? 


Bell Aircraft engineers find coated molybdenum, 
dense silicon carbide and coated graphite best for 
leading edge of boost-glide plane such as Dyna-Soar 


Los ANGELES—Coated molybde- 
num alloy, dense silicon carbide, and 
coated graphite are the most promis- 
ing materials for the leading edge of 
the wings of a hypersonic global boost- 
glide plane such as Dyna-Soar. 

Two Bell Aircraft Corp. engineers 
made this report at the recent national 
summer meeting of the Institute of the 
Aeronautical Sciences. The engineers, 
Frank M. Anthony and Harry A. 
Pearl, did not mention Dyna-Soar by 
name in their paper, “Selection of 
Materials for Hypersonic Leading 
Edge Applications.” But their refer- 
ence to a manned plane with range 
of 22,000 miles made it clear they 
were discussing that project. 

In a “typical trajectory,” they de- 
clared, such a craft would reach a 
peak altitude of 300,000 feet six 
minutes after launch, at which time 
the vehicle velocity is 25,400 fps and 
a range of 700 nautical miles has been 
traveled. During the ensuing descent, 
when vehicle weight is balanced by lift 
plus centrifugal force, a range of 
21,900 miles is traveled in 105 minutes. 

The end of the glide is assumed 


to come when altitude falls to 85,000 
feet and velocity drops to 1200 fps. 
From this stage on, the flight is con- 
sidered to be in the landing phase. 

Dynamic pressures and tempera- 
tures each peak twice during such a 
flight, once during boost and once dur- 
ing descent. 

* Critical conditions—These data 
show that three potentially critical 
flight conditions exist—high dynamic 
pressure combined with moderate tem- 
perature during boost, high tempera- 
ture combined with low dynamic pres- 
sure during glide, and high dynamic 
pressure combined with low tempera- 
ture during landing. However, Anthony 
and Pearl report, studies have shown 
that air load stresses are not a major 
consideration in selecting hypersonic 
leading edge materials. The real prob- 
lem is high temperature. 

In the typical Dyna-Soar flight, the 
Bell engineers estimate that maximum 
temperatures will range from 2600° to 
2900°F, when the benefits of geometry 
and material characteristics are con- 
sidered. 

They screened materials for oxida- 


tion resistance, thermal conductivity, 
thermal expansion, thermal emissivity, 
tensile strength (metals) and modulus 
of rupture (non-metals). 

Molybdenum and its alloys were 
given a favorable report because of 
high thermal conductivity, low coeffi- 
cient of thermal expansion, high modu- 
lus of elasticity and high mechanical 
strength at elevated temperatures. The 
metal oxidizes rapidly, however, at 
temperatures above about 1200°F to 
form a corrosive oxide that is volatile 
at about 1500°F. Some alloys possess 
higher mechanical strength and higher 
crystallization temperatures but no 
truly oxidation-resistant alloy has been 


developed. 
Anthony and Pearl reported that 
an 0.5% titanium, 0.07% zirconium 


alloy developed this year is appreciably 
stronger than other alloys and has a 
recrystallization temperature of about 
2900°F—the upper limit of the tem- 
perature range for a Dyna-Soar lead- 
ing edge. The short-time ultimate ten- 
sile strength of this alloy is 54,000 psi 
at 2400°F and 14,000 psi at 3000°F. 

* Silicon coating—A good coating 





Fig. 1—Thermal Expansion vs. Temperature 
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Fig. 2—Emissivity vs. Temperature 
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TABLE | COMPARISON OF TEMPERATURES AND THERMAL STRESSES 
FOR VARIOUS MATERIALS 
| INCH DIAMETER, 10° WEDGE ANGLE, 60° SWEEP. 








W/SC, = 100 = 0.9 22,000 fps 241,000 Feet 
Temperature, °F Thermal Stresses, psi Tension (Bending) Com- 
Max. Max. Ultimate pression 
Maxi- Mini- Ten- Ten- Com- Uiti- 
Material mum mum sion sion pression Average 99%, mate 
im, Ti Alloy of Molybdenum 2.620 2,070 2,260 7,500 26,100 26, 000 17,000 
Niobium Alloy 2,810 1,980 2,200 2,960 4,700 25,000 0 
Dense Silicon Carbide 3,060 1,840 2,100 10,350 25,000 18,000 6,920 52,000 
Coated Graphite, Type | 2,660 2,100 2,240 420 1,610 6,000 1,130 12,000 
Coated Graphite, Type |! 3,290 1,770 2,100 1,620 15,900 4,350 800 
Cermet, Type | 2,960 1,880 2,140 4,420 690 + 46,500 34,400 0 
Cermet, Type !! 2,960 1,880 2,140 5,200 9,650 + 65,000 46,400 3,000 
Molybdenum Disilicide 3,040 1,850 2,120 4,930 2,780 + 28,700 14,700 4,500 
*F n-metallics me ed t ng strength on '%4” x "4" x 5” ¢ ns has been used f 
ension and pre ’ were taken equal to 3 times e bending values. For metals 
ension an pre sllowa were assumed equal. Since scatte 5) average values 
Values a w bece j f elasticity becomes extremely w n genera! this would 
ste 36 ) ; Therefore, stresses do not indicate a true picture 
for molybdenum, they said, is vapor- Some information is available from 
deposited silicon, which reacts with the ‘technical literature and need not be 


metal to form molybdenum disilicide. 
The final coating is a graded mixture 
or “alloy” composed of relatively pure 
molybdenum disilicide on the outer 
surface with greater concentrations of 
base material distributed through it as 
one proceeds below the surface, they 
explained. The bonding is chemical. 
Silicon carbide an exception 
among carbides in that it is quite re- 
sistant to oxidation. Like all carbides, 
silicides and graphite, it has a high 
melting point. Anthony and Pearl re- 
ported that silicon carbide modified 
materials, made experimentally by hot 
pressing techniques, have modulus of 
rupture of about 70,000 psi at 2500°F. 
The Carborundum Corp. says it 
produces a self-bonded form of this 
substance (KT silicon carbide), which 
gains only 0.51 mg/sq cm in 5 hours 
by oxidation when exposed to air at 
2192°F. Carborundum says the ther- 
mal conductivity is 293 BTU/sq ft/- 
infhr at 1832°F, much higher than 
most other ceramics and non-metals. 
Graphite has high thermal conduc- 
tivity and high thermal emissivity. 
Thus, Anthony and Pearl reported, an 
exception is made to the general rule 
that it is undesirable to coat a ceramic 
material with another ceramic to pro- 
tect it against oxidation. Graphite also 
has desirably low modulus of elasticity 
and coefficient of thermal expansion. 


is 


Although its mechanical strength is 
very low, it increases with tempera- 
ture up to about S000°F. Present 


forms of graphite do not approach 
theoretical density; thus it is expected 
that the mechanical strength will be 
increased in the future. 

They said coated graphite is su- 
perior because of low weight, easy 
fabricability and low modulus of elas- 
ticity. However, its strength is variable 
and the coatings are unreliable. 

The investigators sought to obtain 
data on material with the same process 
history. Although it might seem that 
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obtained again, they pointed out that 
different processing can result in differ- 
ent properties. For example, they as- 
serted that the effect on mechanical 
and chemical properties of applying a 
coating to a material may vary con- 
siderably from those of the bare metal. 

* Other materials tested—In addi- 
tion to the materials mentioned, the 
Bell engineers also tested a ternary 
niobium alloy, pure tungsten, silicon 
carbide bonded graphite, cermet type 
I (chromium, molybdenum, aluminum 
oxide), cermet type II (chromium, 
tungsten, aluminum oxide) and molyb- 
denum disilicide. Tables I and II give 
the resulting thermal expansion data 
and comparison of temperatures and 
thermal stresses for the materials. Figs. 
2 and 3 show thermal conductivity and 
thermal expansion plotted against tem- 
perature for each of the materials 
tested. 





Material 


TABLE Ii THERMAL EXPANSION DATA 


Temperature | 


Below about 2400°F, Anthony and 
Pearl noted, niobium alloy appears to 
be advantageous because of lower 
density compared with molybdenum. 
For high emissivity, a coating would 
be necessary but the protective oxide 
formed would make it unnecessary to 
have oxidation protection of expend- 
able components. However, protection 
of reusable components would be 
necessary to avoid embrittlement 
caused by subsurface contamination. 

The two cermets have similar prop- 
erties except that their thermal con- 
ductivity is lower than niobium. Thus, 
operating conditions would have to be 
less severe. 

Molybdenum _ disilicide also 
promising for temperatures up to 
2400°F, they declared. This substance 
does not need a coating because it has 
a relatively high thermal emissivity, 
about .8, and its oxidation resistance 
also is excellent. 

The Bell engineers said tungsten 
and coated graphite appear to be the 
most promising materials for use 
above 3100°F. But they added that 
much work is needed to advance the 
state of the art to the point where the 
materials can be used with confidence 
under such conditions. They noted, 
however, that for the leading edge of 
a boost-glide airplane of global range, 
temperatures ranged from 2600° to 
3100°F for the materials considered. 


is 


Anthony and Pearl called for con- 
tinued development in materials. Spe- 
cifically, they urged more thorough 
definition of properties, improvement of 
processing techniques to reduce varia- 
bility—particularly non-metal strengths, 
oxidation protection of coatings and 
extension of fabrication capabilities. 





Coefficient of 
Thermal Expansion 
(in/in°F x 10-®) 


Unit Expansion 
(in/in x 10-3) 
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About the earthly side of the Corporal missile. The Army's Corporal mis- 
sile is a surface-to-surface mobile artillery weapon. It’s operational and it's 
in production. Tremendous quantities of materials fabricated into numerous 
pieces of ground support equipment operated by Army personnel are required 
to launch the Corporal with split-second timing and accuracy. And virtually 
all of the steel material required can be purchased from one source — United | 
States Steel. Whether we're talking about carbon steel, high-strength 


low-alloy steel, alloy steel or Stainless Steel, steel fence, electrical cable, | ! 


i 
| 
| 








How thin and light can you make the shipping container This Corporal transporter is made of steel. Why? Because Te 
for a rocket, and still have a strong, impact-resistant this has to be a rugged piece of equipment to withstand | m 
shell? The transportation industry specialists in strong, the abuse of moving the missile over all types of rough ar 
lightweight construction have overcome this same prob- terrain. ar 


lem with the help of United States Steel. ar 















cement or wire rope, United States 


? Steel maintains the technical serv- 





? ices to provide the proper assist- 
| | ance to cope with any problem on 


| — these materials for ground support. 
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|| When a ground support program is 
_| ready for the drawing board, con- 


sult United States Steel 


USS Kk « registered tradem 





















Technicians are carried to the “brain” of the Corporal 
missile on a “cherry-picker.” Its boom is similar to that of 
an industrial crane. United States Steel representatives 
are constantly working with the manufacturers of cranes 
and power shovels to develop more efficient strength- 
weight ratios and better rigging. 
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Where Are We Going in Fuel Handling? 


The cryogenic engineer still must be 


a jack-of-all-trades with industry having to gear 


up for multi-million-pound thrust boosters 


by S. David Pursglove 


WASHINGTON—The past year has 
seen many developments in propellant 
handling. New equipment and new 
materials such as corrosion-proof alloys 
and plastics already have been dis- 
cussed in “new product” sections of 
magazines, and they have been widely 
advertised. 

The developments we want to dis- 
cuss here, however, are not machines 
and materials as much as ideas and 
techniques. Much of the equipment 
announced recently probably will be 
replaced by newer products before too 
long. However, the recent thoughts of 
missilemen—some pointing to new 
trends in thinking—will stay with us 
and should be examined. 

The missile industry has encoun- 
tered new problems, too, during the 
past year. However, even these prob- 
lems represent progress: they signify 
that engineers are discovering and de- 
scribing their problems—a first step 
toward solving them. 

Solutions still call for brute force 
engineering at many stages; there’s no 
easy way out yet. The cryogenic en- 
gineer, for example, must be an intel- 
lectual jack-of-all-trades. He must un- 
derstand heat transfer and liquid flow. 
He has to know all about pumps, in- 
strumentation, and the properties of 
his materials. Engineers still are faced 
with the problem of accurately topping 
a tank of cryogenic oxidizer, although 
a fairly new device now makes the 
job a little easier. 

The industry is still faced with the 
nightmarish task of gearing up for 
multi-million-pound-thrust boosters and 
their formidable handling problems. 
This has introduced a new type of 
handling problem. It’s no longer a mat- 
ter of getting a missile to a launch site 
and then worrying about fueling it. 
Soon, the problem of moving the mis- 
sile to the site will be just as big as— 
possibly bigger than—the fueling prob- 
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Cryogenic engineers must be at 
home in these areas: 

* materials properties 

* insulation techniques 

* liquid flow 

* pumps 

* heat transfer 

* instrumentation 





lem. This applies to solid-propellant 
missiles as well. 

For that matter, we don’t have to 
wait for the advent of super-size solids 
to see that the old argument that 
“solids don’t have any problems like 
liquids do” is out of date and not true. 
In the past year there has been such a 
clamor for greater sophistication in 
solid-propellant missiles that a whole 
new area of handling-engineering is 
opening up. 

High-energy fuels based on boron 
still offer problems, but these soon 
may be solved by the simple with- 
drawal of boron from the fuels pic- 
ture. The same is true of free radicals. 
In the past year it has become obvious 
that free radical propulsion is on the 
way out. 

* Real breakthroughs—On the pos- 
itive side of the picture for the year 
past, things are very bright. Thinking 
has been penetrating and dynamic. 
Many of the developments to which 
newspaper writers have applied the 
term “breakthrough” really have been 
genuine breakthroughs. 

One of the most important events 
recently is something that built up 
over a period of time, and without 
fanfare. It is the unspoken, but nev- 
ertheless definite, acknowledgement in 
missile circles that LOX will continue 
for a long time as our primary oxidizer. 
This allows the kind of advance plan- 
ning that has not been possible while 
there has been so much talk about 
replacing liquid oxygen with various 
“exotic” oxidizers. Eventually, fluorine 


may take over in some missiles, but 
this still is in the future—and probably 
on a limited scale. 

The National Bureau of Standards 
has made it possible for liquid hydro- 
gen to be handled much like any 
other cryogenic. This gives new hope 
to scientists and engineers who want 
to use H, as the “ultimate fuel.” New 
high insulation powders and vacuum 
insulating techniques further the cause 
of liquid hydrogen, as well as help the 
entire cryogenic propellant field. 

As an example of some serious 
thinking that has been devoted to pro- 
pellant handling problems, engineers 
point to Arthur D. Little’s announce- 
ment of a large-scale cryogenics ser- 
vicing system. And, almost without 
fanfare, the National Bureau of Stand- 
ards got its cryogenic data center 
under way. 

The cryogenic engineer still must 
be at home in many fields, but above 
all, he must be an engineer. He must 
know approximately the same _ things 
that are known by an engineer who 
designs home refrigerators, but the 
emphasis has to be different. 

Robert B. Jacobs, chief of the cry- 
ogenic equipment section, National 
Bureau of Standards, has this to say 
in the April ARS Journal: 

® Principles the same—‘“Cryogenic 
problems can be solved through appli- 
cation of the same basic principles 
which have been successfully employed 
for many years in mechanical, chemical 
and electrical engineering. Situations in 
which new principles (e.g. supercon- 
ductivity) arise are very rare. Nor- 
mally, the significant deviations of 
cryogenic problems from the more 
familiar ones are caused by changes 
in emphasis or differences in order of 
magnitude; design difficulties are usu- 
ally the result of insufficient knowledge 
of properties of materials.” 

As an example, Jacobs suggests that 
the engineer who understands the basic 
phenomena occurring in a centrifugal 
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pump can predict performance and 
cavitation characteristics for a liquid 
hydrogen pump just as reliably as he 
can for a cold water pump. 

Although the differences between 
cold water engineering and cryogenic 
engineering may be only differences in 
emphasis, they are very important. 
Jacobs points out that the engineer 
who designs valves for operation at 
ambient temperatures is interested in 
hydraulic efficiency and leak tightness 
across the seat and through the stem 
packing. When he takes on the design 
of a valve for handling a cryogenic 
propellant, he has the same interests, 
but some become more important: dif- 
ferential contraction, freezing of pack- 
ing materials, impact strength, insula- 
tion. 

Jacobs points out six 
which the cryogenic engineer must be 
particularly well versed: 


areas in 


® Materials properties, not too 
critical at room temperature, become 
all-important at extremely low tem- 
peratures. In missile work, low tem- 


perature strength is needed and, with- 
in the missile, material density be- 
comes important. 

® Insulation techniques have to be 
as familiar to the cryogenic engineer 
as his own name. He must be on inti- 
mate terms with conventional, powder, 
and vacuum techniques. In ground 
handling of propellants, he has to de- 
cide between insulation and no insula- 
tion—-sometimes no insulation is pre- 
ferred for the sake of economy and 
speed. It is up to the cryogenic engi- 
neer to make the decision. 

® Flow of liquids is a function of 
many considerations, all of them ap- 
plying equally to ambient temperature 
and cryogenic engineering. Cold flow 
presents additional problems involving 
transient phenomona that take place 
during cryogenic equipment cool down. 

® Pumps, and what happens to 
them at low temperatures, must be 
understood thoroughly. The problems 
involved in pumping LOX are about 
the same as those involved in pump- 
ing cold water, at least on paper. But 
Jacobs feels we need additional studies 
into cavitation characteristics. 

® Heat transfer considerations are 
all-important in cryogenic engineering, 
but do not involve any new principles. 
However, Jacobs warns of contradic- 
tions between much published heat 
transfer data. 

Instrumentation is an important 
area for the cryogenic engineer con- 


cerned with fueling a missile. His 
Studies of instrumentation must be 
slanted toward pressure, temperature, 
flow, liquid level, and static mass 
measurement. Cryogenic instruments, 
and the materials of which they are 
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made, have to take into account the 
effects of low temperature and high 
vacuum. 

Jacobs makes it relatively easy for 
the cryogenic engineer to bring himself 
up-to-date in his field through a 56- 
entry bibliography of references in his 
survey of “Recent Advances in Cry- 
ogenic Engineering. Particularly valu- 
able are these references: a new book 
published this year by D. Van Nos- 
trand, “Cryogenic Engineering,” by R. 
B. Scott; a series of articles by R. J. 
Corruccini, “Properties of Materials at 
Low Temperatures,” in Chemical En- 
gineering Progress, June, July, and 
August, 1957. 

The Cryogenic Data Center is now 
in operation at the Cryogenic Engi- 
neering Laboratory, National Bureau 
of Standards, Boulder, Colo. Its pur- 
pose is to make information available 
to all persons concerned with cryogen- 
ics. Jacobs says it probably will not be 
completely up-to-date for about two 
more years, but it is currently render- 
ing whatever services it can. 

° Fill ‘er up?—It may sound 
Strange, but one of the biggest prob- 
lems still faced by missilemen is that 
of filling a missile tank to the top with 
a liquefied gas. Assume all handling 
problems have been solved, then it’s 
fairly easy to fill a tank part of the 
way. It’s another thing to fill it all the 
way, or to top it. 

Daniel A. Heald, senior design en- 
gineer at Convair Astronautics, de- 
scribed the problem recently to a meet- 
ing of the Society of Automotive En- 
gineers. For example, he says, a mis- 
sile’s mission may call for rapid load- 


ing and firing. It seems like a small 
enough problem to get 0.5% accuracy 
on propellant weight at launch, or to 
fill the LOX tank to 98% of capacity 
to assure MaXimum range. 

Just try to do it. Here is what 
Heald says we run into with a missile 
system with a large vertical airborne 
tank: 

“The ground loading system, which 
must be considered an integral part of 
the whole, is a remote, high-capacity 
system with extensive automatic con- 
trols. Why not just weigh the filled 
missile on load cells, which have an 
advertised accuracy of 0.1%? This ap- 


proach may have to be abandoned 
when one considers that the gross 
weight of the launcher system may 


nearly equal that of the missile, that 
misalignment of the missile and forces 
from cross winds introduce appreci- 
able side loads which necessitate lateral 
load cells and complicate resolution of 
weighing systems, that calibration of 
such a complex system is difficult, and 
accurate load cells are expensive, and 
temperature sensitive, and that the pro- 
pellant is rapidly boiling away.” 

Heald had developed a more prac- 
tical technique: 

“Calibrate the vessel so that the 
volume is known for a given liquid 
height; then knowing the density and 
level, the propellant load can be cal- 
culated.” 

This still leaves the problem of 
boil-off, but even that has been partly 
taken care of by a LOX tanking com- 
puter that Servomechanisms, Inc., put 
into production around a year ago. 
SMI says the tanking computer meas- 





SIGNIFICANT advancement in the transportation of fluorine both in liquid and bulk 
was made by General Chemical which designed this trailer transport. 
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Little tackles fueling time. . . 


ures, controls, and indicates the level 
of LOX in tanks. 

Loading is rapid and accurate, SMI 
says, due to a two-mode control sys- 
tem. The first mode permits high 
pumping rates until 98% of tank ca- 
pacity is reached. Then the second 
mode takes over and controls a pro- 
portioning valve which adds the LOX 
necessary to fill the tank to within 
0.1% accuracy. The second mode 
also provides continuous topping dur- 
ing standby to compensate for boil-off. 

* High-speed effort—The problems 
involved in handling cryogenic liquids 
are at the bottom of most valid argu- 
ments against liquid-fueled ICBM’s. 
Thanks to these problems, liquid fuel- 
ing times are longer than we can afford 
in case we need to use missiles for re- 
taliation. 

In 1955, the Air Force asked 
Arthur D. Little, Inc., to study fueling 
time problems and try to develop a 
reliable high-speed fueling system. A. 
D. Little’s R. B. Hinckley and R. E. 
Kendall described the resulting system 
at the San Diego meeting of the Ameri- 
can Rocket Society in June. 

The system had to meet these re- 
quirements: 

(1) Be capable of loading an Atlas 
within the available reaction time (in- 
terval between detection of a_ hostile 
ICBM in flight, and the time of its 
impact on target). This meant it would 
have to be capable of LOX transfer 
rates up to 5000 gpm, and fuel transfer 
rates up to 3500 gpm. 

(2) Be fully automatic to eliminate 
human error and relieve control per- 
sonnel of routine detail. 

(3) Use only standard, off-the-shelf 
industrial components. 

(4) Load the missile to an accur- 
acy of 0.5% by volume. 

A. D. Little discovered that the 
largest proven LOX pump available 
had a capacity of only 500 gpm—10 
pumps in parallel would be required. 

The research firm decided not to 
use pumps at all, but to use a pressure 
transfer system instead. Thus, the key 
to the system involves transferring the 
LOX under a pressure head of gaseous 
oxygen. Helium was ruled out because 
of the then national shortage which is 
being slowly alleviated. Nitrogen was 
ruled out at the time because of the 
unknown effect on LOX of nitrogen 
contamination due to nitrogen con- 
densing in contact with the LOX. Sub- 
sequent studies at A. D. Little show 
the nitrogen contamination not to ex- 
ceed 0.5%, Hinckley and Kendall re- 
port. 
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* Good results—Tests were run at 
Edwards AFB. A dummy missile LOX 
tank was used. Here are the results: 

Ihe system demonstrated fully au- 
tomatic loading, topping and draining. 
LOX flow rates were greater than 5000 
gpm, and transfer pressures were lower 
than expected. The system was con- 
trolled to an accuracy of 0.5%. The 
system could be cooled down in the 
time available—critical parts of the 
system were cooled sufficiently for 
transfer in less than three minutes. The 
topping system maintained the LOX 
level, and even changes in wind ve- 
locity resulted immediately in a new 
topping valve position. The system is 
fail safe as proved by deliberate mal- 
functions. 

The system is applicable to fuels as 
well as LOX. It probably will be ap 
plicable to other oxidizers, too. How- 
ever, it may be a decade or more be- 
fore anybody has to start worrying 
about wide-spread operational transfer 
systems for other oxidizers. In the past 
year, whenever the matter has come 
up, industry leaders and top military 
officials have said, or strongly hinted, 
that LOX will be the operational oxi- 
dizer in our missile program for some 


years to come. It still is the safest, 
most economical, most readily avail- 
able oxidizer for missile use. It is 


stable, non-toxic, non-corrosive and, in 
an emergency, it’s easy to get rid of 
® Future and fluorine—However, 
surveys of this sort always end with a 
look at the future. That which has 


~~ 


been said about LOX does not deny 


‘that fluorine someday will find use as 


an oxidizer for some missions. That 
day is coming closer, thanks to Bell 
Aircraft’s continuing study of fluorine, 
and thanks to Allied Chemical’s new 
developments in fluorine handling (see 
M/R May I], p. 42). 
Allied makes it 
liquid fluorine almost 
LOX. However, it still is a dangerous 


possible 


to ship 


as readily as 


substance when it escapes, calls for 
special handling techniques at launch 
sites, and is corrosive. But NASA js 


hard at work trying to develop new 
materials that can take the punishment 
of liquid F.—materials immune to 
gaseous F., already are available. 

Fluorine may someday be one-half 
of a system already touted as the great 
chemical propellant system we'll ever 
have—fluorine-hydrogen. 

Just as the past year has seen re- 
markable advances in fluorine handling 
techniques, so have many of hydrogen’s 
problems been conquered. Linde Com- 
pany’s new super insulation techniques 
make liquid H. storage easier. How- 
ever, the real breakthrough has been 
discussed in M/R’s Propulsion Engi- 
neering many times. That is the new 
National Bureau of Standards process 
for converting unstable hydrogen to 
stable hydrogen, thus eliminating boil- 
off due to heat released in the natural 
transition from the unstable form to 
the stable form. 


Converted liquid hydrogen stored 
in Linde Company’s new super insu- 
lated tanks almost never boils away 

Ihe theory is there. Now we need 


hard-headed engineering and we'll have 


Hard- 


an unbeatable propellant system 


headed engineering, money and time 





OUTSTANDING cryogenic research is being undertaken by the NBS-AEC Cryogenic 


Engineering Laboratory in Colorado. 
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BRITISH ASTRONAUTICS 


e Pye Ltd. Develops Tank Missile 
e Corporal Fired from New Missile Range 
e Scorpion Engines Extending Aircraft Life 


by G. V. E. Thompson 


LoNpoN—One of Britain’s leading 
electronics manufacturers, Pye Ltd. of 
Cambridge, has developed a powerful 
short-range guided missile intended to 
replace the armour-destroying heavy 
gun currently carried by tanks. The 
80 Ib. missile has a 5 ft. tailless body 
fitted with cruciform wings, and is jet- 
steered. Simple and robust in construc- 
tion, it is also easily stored and has a 
long shelf life. 

The size chosen is thought to be 
the best compromise possible between 
the requirements of case of handling 
and high chance of kill per hit. The 
missiles can be transported in quantity 
in a light vehicle, from which they can 
be fired. Alternatively, it can be car- 
ried by one or two men for short 
distances and ground-launched, firing 
and control needing only one man. 

In either case, launching is from 
a lightweight, zero-length launcher built 
from tube. Line-of-sight command con- 
trol is employed; the controller can use 
binoculars or a periscopic monocular 
which can be switched instantaneously 
from low to high power magnification 
without loss of target reference as the 
missile travels away from the launcher. 

The control is a simple hand-held 
joystick. Its signals are shaped in a 
20 Ib. ground control unit and trans- 
mitted to the missile by a wire link 
The control unit can launch and con- 
trol several missiles consecutively. Op- 
eration of the joystick needs little skill; 
a simulator is being developed as a 
training aid, but one of the advantages 
of the weapon system is that only a 
short practice time is needed to achieve 
proficiency. 

* New missile range opened—A 
new British guided weapons range has 
been opened. It is situated in South 
Uist in the Outer Hebrides, a group 
of islands off the West coast of Scot- 
land. There was considerable contro- 
versy when the establishment of the 
range was first suggested, most of the 
Objections being on account of the 
changes in the primitive way of life on 
the island that would follow. However, 
many of the crofters themselves seem 
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to have welcomed the employment that 
the construction of the range has pro- 
vided. 


The first be fired from 
the range was a Corporal, supplied in 
1956 by the U.S.A. for use with the 
British Army. Apart from two civilians 
from the American manufacturers, all 
the personnel taking part in the firing 
were drawn from the Army: and had 
been trained at the School of Artillery, 
Larkhill. 

The first Corporal carried an inert 
warhead and travelled for more than 
50 miles over the Atlantic Ocean. In 
wartime, Britain’s Corporals would be 
fitted with nuclear warheads supplied 
from America. 

* Napier’s rocket engines—The 
Scorpion series of rocket engines 
built by D. Napier & Son Ltd., mem- 
bers of the English Electric group, 
are being used as powerplants for both 
missiles and aircraft. They work on the 
“thermal ignition” principle: high-test 


missile to 


peroxide is catalytically decomposed 
into superheated steam and oxygen; 
this mixture enters the combustion 


chamber at high temperature and pres- 
sure, kerosene is injected and ignition 
occurs spontaneously. 

Single, double and triple-chamber 
engines are in production; all have the 
advantages of compactness and low 
weight. Routine testing of pre-produc- 
tion engines at altitudes of up to 70,000 
ft. and temperatures of —70° to +40°C 
has been done in a Canberra jet 
bomber fitted up as a flying test bed. 

The flexibility and precise control 
overthrust possible with Scorpion 
makes it ideal for powering target 
missiles. It is also suitable for air- 
launched short to intermediate-range 
missiles, such as the “stand-off” bomb. 

Single engines are in- 
stalled as boosters in present-generation 
interceptor fighter aircraft, the HTP 
being carried in nitrogen-pressurized 
underwing tanks. For the “last-genera- 
tion” all-weather fighters (such as Eng- 
lish Electric’s Lightning), Napier’s have 
designed a rocket power pack that is 
interchangeable with the standard long- 
range kerosene tank carried by the air- 
craft 


Scorpion 


The pack attaches to the aircraft 
at two points, is of skin and stringer 
construction and incorporates a Double 
Scorpion engine. HTP is carried in an 
integral tank forming the front part 
of the shell of the pack, and kerosene 
is drawn from the tanks of the air- 
craft. On the top of the pack is a 
kerosene inlet, a nitrogen-charging con- 
nection and the electrical connections 
to the control panel in the cockpit. 

In combination with the advanced 
air-to-air missiles now being developed, 
this power pack is expected to give the 
semi-obsolescent fighters a new lease 
of life. 

® Short Seacat—For many years 
the standard close-range weapon of the 
Royal Navy has been the 40mm gun. 
This is now to be replaced by the sur- 
face-to-air missile Seacat, now being 
developed by Short Brothers & Harland 
Ltd., of Belfast, Northern Ireland. 

News that Short had been awarded 
a development contract for Seacat was 
first released in April, 1958. Two 
months later, speaking in the House of 
Lords, the First Lord of the Admiralty 
described Seacat as a most ingenious 
weapon with a novel type of direction 
which gave very high promise. In Dec. 
1958, the Parliamentary Secretary to 
the Admiralty indicated to the House 
of Commons that there would be a 
considerable number of these missiles 
in service by the early 1960's 

Security on Seacat is still strict, but 
a full-scale model of the missile and a 
film of a test firing were shown for the 
first time at the recent Paris Air Dis- 
play. 

Powered by a solid propellant 
motor, Seacat is designed to be in- 
stantly ready to repel attack and is 
highly maneuverable. Apart from its 
use by the Navy, it will also provide 
an anti-aircraft armament for small 
ships. 

A variant of the missile is being 
developed for use by land forces as a 
replacement for light field artillery. 
This is to be known as Tigercat. Sev- 
eral Commonwealth and N.A.T.O. 
countries have expressed interest in 
both missiles. 
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Detection of Nuclear Explosions in 
Space Possible by Optical Means 


Two spectroscopes mounted in satellite 


proposed as method of surveillance 


by Savo Corié 


KOBLENTZ, GERMANY—Were it not 
for the existence of Van Allen radia- 
tion belts and solar flares, detection of 
nuclear explosions in space by means 
of orbiting satellites equipped with 
radiation-measuring instruments would 
be relatively simple. For space is a 
near-void in which radiation and fission 
products from such an explosion ex- 
pand freely without any hindrance— 
unlike the earth’s atmosphere, where 
they remain confined to a limited area. 

In the radiation belts, however, any 
man-made radiation may pass un- 
noticed because of the very high level 
of radiation of the belts themselves. 
For this reason, an existing project, 
designed to supervise space with orbit- 
ing satellites in case an agreement on a 
nuclear test ban is reached among the 
nuclear powers (U.S.A., Great Britain 
and U.S.S.R.), would not attempt to 
send satellites into the radiation belts. 

It plans instead to orbit six satellites 
below radiation belts (under 600 miles) 
and six others above the belts—in a 
40,000-mile orbit. Each satellite should 
be equipped with Geiger-Mueller and 
scintillation counters to pick up gamma 
and neutron radiation produced in a 
nuclear blast. The satellites’ radio trans- 
mitters would then broadcast the find- 
ings to an international network. 

But a nuclear explosion produces 
many other phenomena which might 
possibly be used for more reliable and 
efficient detection. If, for example, the 
radiation-counting instruments of the 
aforementioned and similar projects 
were replaced or supplemented with 
optical instruments using spectral anal- 
ysis to analyze the optical phenomena 
particular to a nuclear blast, the detec- 
tion of such blasts would be by no 
means hampered by radiation belts. 

* Advantages—-The proposed op- 
tical detection would have following 
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advantages over radiation-counting 
methods: 

1. Blast-monitoring satellites could 
be launched into much lower orbits, 
that is with much less fuel and by 
much smaller rockets; 

2. Reliability. Radiation-measuring 
instruments would be swamped, even 
above the radiation belts and at auroral 
latitudes up to any altitude, by charged 
particles hurled into space by solar 
flares. So it would be easy for a would- 
be violator to carry out undetectable 
nuclear-weapons tests one or two days 
after such a solar flare has been ob- 
served on the sun—when the oncoming 
solar gases reach the vicinity of earth. 
The proposed optical detectors would, 
of course, not be affected by such 
radiation; neither would they be op- 
tically fooled by such flares or any 
other light flashes unrelated to a nuclear 
blast; 

3. Aided by favorable atmospheric 


conditions (i.e., a good visibility) the 
optical detectors would also 
nuclear blasts taking place in the atmos- 
phere and even on the ground 

® Details—The  optical-detection 
equipment would be mounted in a 
spinning satellite. It would consist of 
two spectroscopes viewing the space 
through the same slit. Each spectro- 
scope would be followed by a screen 
and a photoelectric sensor (a photocell 
or a solar battery). 

One screen would be pervious only 
to such Fraunhofer lines of the solar 
spectrum which would be identical with 
the lines of the emission spectra of the 
most abundant chemical elements of 
the nuclear bomb or its fission prod- 
ucts (uranium, plutonium, barium, etc.); 
the other screen would let pass to its 
sensor only those Fraunhofer lines 
identical with spectral lines of some 
chemical elements not to be found 
either in a nuclear bomb or among its 
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EXPLOSIONS far off under the horizon could be detected by receiving the flashes 
reflected by the outer surface of the satellite. 
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fission products in appreciable quanti- 
ties (the Fraunhofer lines are not dark, 
they only appear so in relation to much 
brighter continuous solar spectrum). 

Furthermore, the Fraunhofer lines 
reaching both sensors must be selected 
to prevent detection equipment from 
the influence of either atmospheric or 
terrestrial light sources, natural or 
artificial, which emit line spectra 
(aurorae, lightnings, ionized vapors of 
disintegrated meteors, extended fires, 
gas-discharge lamps). Thus these Fraun- 
hofer lines will not be identical—at 
usual temperatures of the light sources 
—¢ither with the spectral lines of the 
constituents of the atmosphere or with 
the lines of the chemical elements to 
be found in meteors, in organic com- 
pounds or in the plasma of a glow 
lamp in appreciable quantities 

This means that both sensors will 
be sensitized by solar spectrum and 
the spectra of terrestrial and atmos- 
pheric light sources which emit a con- 
tinuous spectrum (incandescent lamps, 
incandescent solid meteors), while only 
one sensor will respond to the line 
spectra of the nuclear bomb com- 
ponents and its fission products. 

The outputs of two sensors are 
amplified and connected to a differential 
circuit where the pulses provoked by 
the solar spectrum—as well as those 
generated by the continuous spectra of 
terrestrial and atmospheric light sources 
—cancel and only such pulses which 
are produced by the spectrum of a 
nuclear explosion pass to the trans- 
mitter. They are either transmitted im- 
mediately to earth or stored on a mag- 
netic tape for later transmission. 

The differential circuit could con- 
sist of a simple transformer with two 
primary windings connected in phase 
opposition. Each sensor would feed one 


primary winding and all pulses which 
are common to both sensors, that is 
those produced by the solar spectrum, 
cancel while only the pulses generated 
by the nuclear explosion would be 
transmitted to the secondary winding 
of the transformer. 

By this means, changes in the 
luminosity of the received sunlight, 
caused both by the changing attitude 
of the spinning satellite and the optical 
phenomena on the sun itself (i.e., sun- 
spots and solar flares), would not in- 
fluence this detection equipment for 
their effects would always cancel in 
the differential circuit, and only the 
pulses produced by the spectrum of a 
nuclear explosion would be recorded. 

This detector will be influenced not 
only by the emission but also by the 
absorption spectra of the nuclear-bomb 
components. The emission spectra will 
be provided by the flare of the explo- 
sion itself and by the subsequent glow 
of the ionized vapors of the nuclear- 
bomb components and its decay prod- 
ucts. The absorption spectra will ap- 
pear when the detector is receiving the 


sunlight which passed through a 
“cooled-off,” non-glowing cloud of such 
vapors. 

This cloud will absorb only the 


light of the Fraunhofer lines of the 
solar spectrum which are particular to 
the elements to be found in the cloud. 
These lines will, therefore, appear 
darker in the detector than the other 
Fraunhofer lines which are not affected 
by the vapor cloud. As the former 
lines are received by one sensor and 
the latter lines by the other sensor an 
unbalance will appear in the differen- 
tial circuit and this unbalance will pro- 
duce a signal which will be transmitted 
by the transmitter. 

The absorption thus 


spectra will 
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TWO SPECTROSCOPES with associated screens, sensors and circuits would suppress 
sunlight signals and transmit only nuclear blast signals. 
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make it possible to detect later the nu- 
clear explosions which took place 
while the satellite was out of sight, far 
off under the horizon. When the satel- 
lite is orbiting in the shadow of the 
Earth this type of detection will be, 
however, ineffective. 

* Looking around corner—The 
same equipment—plus a telescope and 
a spectrograph—could be used in a 
ground installation to observe orbiting 
satellites in quest of nuclear-explosion 
flashes reflected from the surface of 
the satellites. 

In this case the resulting signal, 
produced by a nuclear blast in the dif- 
ferential circuit, would trigger the 
photographic camera of the spectro- 
graph so that the entire spectrum of 
a nuclear-bomb explosion would be 
photographed. This would make it 
possible not only to detect a nuclear 
explosion but to identify the nuclear 
device itself——-A-bomb or H-bomb. The 
same spectrogram would also reveal 
the construction of the nose cone as 
well as its constituents. 

In favorable weather conditions, 
this method could detect all nuclear 
blasts in space above and below the 
satellite itself as well as above the 
tangent drawn from the satellite to the 
earth’s surface away from the observ- 
ing station. When visibility was bad, 
the equipment could be taken up by 
planes. 

All big satellites can be used ad- 
vantageously for this type of detection 
and especially the big balloon-satellites 
(they have the largest surface to weight 


ratio). The moon itself might be in- 
cluded. 
Finally, both types of detection 


could be used for spotting big forest 
and prairie fires in remote areas. All 
that would be necessary would be to 
replace the screen pervious to the 
spectral lines of the nuclear blast with 
a screen transparent for the spectral 
lines of an element which is found in 
any organic compound, This is the ele- 
ment carbon. 


Lockheed’s X-7 Missile 
Enshrined at AFMDC 


ALAMOGORDO N.M.—The Lock- 
heed X-7 ramjet-powered test missile 
has been enshrined at the Air Force 
Missile Development Center in New 
Mexico where it set the Free World's 
speed and altitude records for air- 
breathing vehicles. 

It was over the New Mexico desert 
test range of the AFMDC that mem- 
bers of the Lockheed-designed and 
developed X-7 family flew in excess of 
four times the speed of sound—in the 
neighborhood of 3000 miles per hour 

and reached a record (still classi- 
fied) altitude at the edge of the upper 
atmosphere. 
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Magnetic Tape Recording Sales Booming 


This year should see 700,000 units sold but 
most promising future application will be in astronautics for 


photo-reconnaissance 


by Robinette E. McCabe* 


Repwoop City, Cair.—One of 
the fastest growing industries in the 
United States is the magnetic tape 
recording industry. Since the appear- 
ance of the first tape recorder on the 
American market just twelve years ago, 
few devices have spread so far so fast. 

Its success is attested by today’s 
status of the industry, which has mush- 
roomed into a multimillion-dollar busi- 
ness, with gross sales for 1958 exceed- 
ing $72,000,000 for 410,000 units, 
according to the Electronic Industries 
Association. Although future estimates 
vary, it has been predicted that be- 
tween 650,000 to 700,000 recorders 
will be marketed in 1959, boosting 
overall sales to $140,000,000. 

First adopted for radio and home 
entertainment purposes, the tape re- 
corder has spread in all directions 
until now it is a basic tool for ad- 
vanced scientific activities, contributing 
heavily to research and military pro- 
grams in missile development, satellite 
tracking, and related laboratory instru- 
mentation procedures. Less known 
than for its brilliant entertainment con- 
tributions, this complex area _ holds 
great promise for the future of mag- 
netic tape recording. 

Tape equipment manufacturers re- 
fer to this area as the “instrumenta- 
tion” field. These applications have 
been a major factor behind the recent 
burgeoning of the industry, and cur- 
rent trends indicate that the next few 
years will bring even more extensive 
progress in this direction. 

The fertility of this field can be 
shown from the growth of the Ampex 
Corporation whose concentration in this 
area accounted for 50% of the total 
instrumentation sales in the United 
States in 1958. Less than ten years 
ago, the company was doing a gross 





* Ampex Corporation. 
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annual volume of $350,000 a year. In 
1958, the company’s volume was $44 
million. 

* Forces behind use—Like any 
major development, the application of 
the magnetic tape recorder in such a 
spectacular manner has been the result 
of a practical as well as theoretical 
expediency. By the end of World War 
II, a storing element—a “gadget with a 
memory’—was badly needed: scien- 
tific, industrial, and defense agencies 
were swamped with data vital for emer- 
gencies and the solution of immediate 
problems. 

The technical advantage of magnetic 
tape as a recording medium is attribut- 
able to: 

1) Its capacity to record any phe- 
nomena which can be converted to an 
electrical impulse, over a wide fre- 
quency range with minimum distortion. 

2) It will store more information 
per unit length than any other medium. 

3) It requires no processing (no 
chemicals are required to develop it), 
and thus immediate reproduction is 
possible. 

4) The time base can be altered— 
which is something no other medium 
provides. This permits events to be 
recreated on playback either faster or 
slower than they actually occurred 
(using a 10:1 contraction rate, for 
example, an hour of missile test re- 
cording can be reproduced in 6 min- 
utes). 

In many cases, these four charac- 
teristics of the tape recording process 
permit the attainment of results which 
cannot be achieved in any other way. 

* From wire to tape—tThe first 
magnetic-recording device was demon- 
strated experimentally at the Paris Ex- 
position in 1897 by Valdemar Poulsen, 
a Danish scientist. Acclaimed the elec- 
trical marvel of the age, it nevertheless 
remained relatively obscure and unde- 
veloped until World War II. 


During the war, both U.S. and 
German scientists attempted to repro- 
duce magnetic recorders suitable for 
military use in recording sound and 
coded messages. The Americans con- 
centrated on developing a wire re- 
corder, but the Germans concentrated 
on magnetic tape. When Germany sur- 
rendered, Allied technical teams dis- 
covered magnetic tape recorders in 
many of the enemy’s military and gov- 
ernment broadcast installations. 

Several units were shipped to the 
United States where it was demon- 
strated that magnetic tape had far 
greater versatility than wire. For one 
thing, tape can be edited. This is not 
feasible with wire since it cannot be 
spliced without distorting the magnetic 
signal. And, where ease of manipula- 
tion is a major factor, the reason for 
tape’s popularity is obvious. 

The first practical recorders for 
audio use were introduced in_ the 
United States in 1948. The units were 
immediately successful and thousands 
of machines were installed in broadcast 
and sound studios. 

* Instrumentation next— Almost 
simultaneously, missilemen recognized 
the potential of magnetic tape. In late 
1948, the Naval Air Missile Test Cen- 
ter at Point Mugu, California, had an 
audio-type recorder modified for tele- 
metering and used as a “back-up,” 
or check, for strip-chart recorders. It 
soon became the primary method of 
recording the missile flight test data— 
acceleration, fin flutter, rate of fuel 
consumption, flight curves, tempera- 
tures, and a dozen other vital elements. 

The problem in the missile field 
was clearly defined: more and more 
information in less and less time. The 
manufacture of tape and other record- 
ing components was sufficiently ad- 
vanced to meet the need. Magnetic 
tape’s pre-eminence for this testing 
rests in its ability to capture millions 
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of separate measurements in relatively 


short periods of time. Receiving the 
output of dozens of transducers on and 
within the system, it can be used to 
almost 


measure any variable at any 
point. 

* Development—To accommodate 
missile requirements, an intensive de- 


velopment program (which is still go- 
ing on today) was undertaken. Because 
the amount of information that can be 
stored per unit length of tape depends 
on the width of the tape and the num- 
ber of tracks on which the 
inscribed, bandwidths were increased 
from the normal 15 kc, which is satis- 
factory for audio use, to 100 ke and 
beyond. 

Tape widths were increased from 
% to ! inch, which is the width of 
most computer tapes. (For most instru- 
mentation purposes, 100 ke and 1” 
tape is satisfactory, although in tele- 
vision recording bandwidths as high as 
8 megacycles can be recorded success- 
fully, and 2” wide tape is used.) 

The upward trend in channels of 
information increased from a_ single 
channel, to 7 channels, to 14 channels, 
to 16 channels, and to 32 channels per 
inch of tape. 

The tape speed was increased for 
two reasons. First, because the amount 
of data that can be inscribed per unit 
of time depends upon the speed of the 
tape and, secondly, high 
transfer rates for computer and teleme- 
try applications demand higher speeds. 
Although the speed at which tape 
moves past the recording head in home 
machines is generally 7'2 inches 
per second, tape handler speeds are as 
high as 150 ips for computer and 
telemetry use. 

The result of the improvements is 
in evidence at missile testing installa- 
tions. In a typical use, a single facility 
for handling test data transmitted from 
Atlas and Thor ballistic missiles, uti- 
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AMPEX MR-100 tape 
survived Thor flight 
and nine days ex- 
posure in Atlantic. 


RECORDERS are be- 
ing used extensively 
for machine control. 
Here’s close up of Gid- 
dings & Lewis Profil- 
ing Machine. 
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lizes 23 laboratory-type instrumenta- 
tion recorders and is capable of cor- 
relating as many as four million meas- 
urements in three days’ time. 

Additionally, it has proven to be 
an instrument of immense scope in the 
missile field for it is used in several 
ways. 

® To guide the missile. It activates 
electronic devices which control the 
path of the missile. 

® To recover information from 
space. Miniature missile recorders ride 
in the missile nose and radio 
outer-space information back to receiv- 
ing stations. 

® For data reduction. The recorder 
is used with computers and other auto- 
matic data-handling devices to reduce 
the data to usable form. 

Sizes and weights of these record- 
ers vary according to their specialized 
purposes, but all of them are rugged. 
One sturdy little missile recorder re- 
cently survived a U.S. Air Force mis- 
sile flight and 9 days in the Atlantic 
Ocean, yet was able to perform per- 
fectly when retrieved from the water 
and tested. Used on a Thor-Able mis- 
sile flight that carried a General Elec- 
tric-developed plastic sphere, the re- 
corder was imbedded in the nose cone. 
Before the cone struck the water, the 
recording unit was thrown free to fall 
independently. 

Surviving the tremendous vibrations 
and shock of the launching and re-entry 
periods, as well as exposure to the 
water, it performed to specifications as 
soon as a new tape reel had been 
installed. 

® Flight tes tin g—Magnetic tape 
nearly revolutionized data acquisition 
for aircraft flight testing programs. In 
the early days of flight tests, the pilot 
would read the instruments on his con- 
trol panel and note his observations 
on a pad strapped to his knee. 

As design techniques were refined, 


cone 





test engineers required more extensive 
data and introduced more automatic 
methods of data acquisition to free the 
pilot from his primary mission of fly- 
ing the plane. Measurements were 
brought to dials mounted on a panel 
which was photographed by a motion- 
picture camera, Pen-and-ink graphic 
recorders and other devices permitted 
continuous recording of high-frequency 
information, such as vibrations and 
flutter. 

Many of these techniques are still 
in use today and serve a purpose. But, 
as in the missile industry, the demand 
for more and more measurements and 
a more rapid reduction of these mea- 
surements to usable physical quantities 
upon completion of the flight, required 
the use of more modern techniques. 

Tape’s ability to store over 8 mil- 
lion measurements during a 2-hour 
test flight on one standard 1012” reel 
of tape proved so appealing that tape 
recorders are now used in all major 
aircraft laboratory and test facilities, 
both commercial and military. The 
Boeing Aircraft Company, in employ- 
ing it in the KC-135 jet tanker flight 
testing, samples each of 420 separate 
measurement points at the rate of 2.5 
times/ sec. 

If these measurements were to be 
recorded on photo panels, or on oscil- 
lographs, several weeks of concentrated 
effort, involving large numbers of per- 
sons, would be required to reduce the 
data by manual means before the de- 
sign engineer would have the significant 
numbers to either correct or improve 
the design. In accelerated aircraft pro- 
grams, time lags of this magnitude are 
too costly to be tolerated. 

* Machine control—Also, recorders 
are being used extensively in the air- 
craft and missile industries in quite an- 
other way. This is for machine control. 
Because you can electronically record 
motion on tape, many milling machines 
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and profilers now take their cues from 
recording systems. 

If you were to walk into a spacious 
bay at Convair Division of General 
Dynamics Corporation’s big San Diego 
Plant 2, you could see a massive skin 
miller gnawing methodically at a 10’ 
by 30° plate, removing 25 pounds of 
metal in 15 minutes flat. Down the 
road a few miles at Rohr Aircraft 
Company’s Chula Vista works, a hori- 
zontal profiler makes metallic mince- 
meat of a rough aluminum forging. 

There is no manual control at either 
machine, but there is nothing hap- 
hazard about the paths followed by 
the cutting tools. It is instead precision 
machine tooling, called “numerical con- 
trol’—or machining by numbers. Like 
the roll that controls a player piano, 
magnetic tape provides an accurate 
system of guidance. Through digital 
recording, information can be trans- 
ferred at rates up to 90,000 characters 
per second, permitting machining tech- 
niques far beyond the capability of 
human hands. 

* Video tape—But the refined and 
accurate recording of sound was but 
the first step. An event almost as great 
as development of the tape recorder 
itself occurred in 1956 with the addi- 
tion of a picture to tape. 

The first machine was demonstrated 
in Chicago at the National Association 
of Broadcaster’s Convention. Despite 
the fact that the machine was priced 
at $50,000, it received an immediate 
welcome in the television industry and 
now stations equipped with these units 
are able to reach 95% of the television 
sets in America. 

The addition of a picture to tape 
was pioneered by the Ampex Corpora- 
tion which, as of now, is still the only 
company to deliver production units 
of television recorders to the television 
industry. 

But even more interesting is the 
fact that even before the machine was 
in production for commercial television 
purposes, the prototypes were sold for 
instrumentation purposes. One of the 
first three prototypes went to the White 
Sands Proving Ground where the Army 
Signal Corps is using it to track mis- 
siles. A highly classified project when 
it was first proposed, the U.S. Army 
recently announced its successful use 
on hundreds of missile firings. 

The radar signals are picked up at 
five stations strung out over the 4000- 
square-mile range. Because radar 
signals are in a frequency range still 
too high to be recorded by any known 
means without conversion, a radio re- 
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no manual control required . . . 


ceiver converts them to a lower fre- 
quency. Yet the amount of conversion 
that can accurately be accomplished is 
limited, and this leaves the high-fre- 
quency radar signals still out of range 
of most recorders. A Videotape (TM 
Ampex Corp.) recorder, with a fre- 
quency response up to 4 mc, does the 
job. In the period since this first 
prototype was pressed into use, many 
other Videotape recorders have been 
sold for instrumentation purposes. 

Taking a cue from colleges and 
universities across the country, rocket 
and missile installations are using them 
for educational purposes, too. At the 
Redstone Arsenal in Huntsville, Ala- 
bama, for instance, twice each month 
by means of closed-circuit television, 
senior Army officers are taught the 
complicated business of rocketry—a 
teaching program produced for the 
Army by the TelePrompTer Corpora- 
tion. One end of the classroom is in 
Huntsville, and the other end is 278 
miles away at Fort Knox, Kentucky. 

® Its future—Applications involv- 
ing telemetry (the transmission of mea- 
surements), static testing of rockets and 
missiles, laboratory research, medical 
recording, and machine tool control 
form the foundation of today’s instru- 
mentation business. For the future, it 
is expected that it will continue to serve 
in all of the categories where it is 
presently being used. Also, it is en- 
visioned that it will radically expand 
in some of the areas as the government 
moves toward more missile and space 
projects, with vast research and de- 
velopment programs geared to these 
activities. 

One of its most exciting future ap- 
plications will be in space. And the 
new tape method—magnetic photog- 
raphy—is certain to be used. Even 
now, plans are being considered for a 
space recorder for a proposed flight 
involving photo-reconnaissance of Mars. 
This test envisions the launching of a 
rocket from the earth that will take a 
little over two years before its return. 
During this time, it will circle Mars, 
with the recorder photographing the 
surface as the space vehicle passes by. 
The photographic information will be 
radioed back to earth as the space 
vehicle returns near the’ earth’s 
atmosphere. 

However, the airborne picture re- 
corder will not have to wait for a trip 
to Mars to prove useful. Equipment 
is now being built that will permit 
tape’s use for operational missions 
which include intelligence reconnais- 
sance, weather reconnaissance, and in- 





frared photo-mapping. Since these will 
be airborne recorders, with recording 
ability only, there will be a correspond- 
ing increase in ground reproduction 
and data processing equipment for 
these missions. Even _ conservative 
studies indicate that this field may 
dwarf all previous applications. 

It is assured that the testing of 
military and commercial aircraft—with 
its attendant use of the recorder—will 
continue over the coming years. In 
addition, the arrival of the commercial 
jets for public transportation, brought 
more business for the recorder. The 
Federal Aviation Authority has asked 
for a jet performance and crash re- 
corder, designed to withstand the intense 
heat and shock of an accident, for all 
jet airliners. Also, the FAA may use 
tape to activate electronic devices used 
in new air traffic control systems. 

® Problems—Future space record- 
ing will require surmounting hundreds 
of problems, but today two of the 
biggest appear to be improved system 
fidelity (accuracy of performance), and 
miniaturization of equipment. 

Fidelity limitations of the record- 
ing system are primarily centered 
around the tape. The mechanical fea- 
tures and electronic component relia- 
bility of the tape recorder can also 
limit the system, but by far the big- 
gest drive for improvement is centered 
on the tape, and on the record, re- 
produce, and erase heads which come 
in contact with the tape. For it is felt 
that the steady improvement of the 
magnetic heads may help to overcome 
some of the inherent characteristics of 
the tape. 

To discuss the problem requires 
some elaboration on the structure of 
magnetic tape and the recording proc- 
ess. All tape consists of a non-mag- 
netic base which supplies mechanical 
strength. Since the thickness of the 
base material varies from 0.0005” to 
0.0015”, it must be of considerable 
strength or it would support no stress 
at all. 

Favorite base material for instru- 
mentation uses is Mylar, a Du Pont- 
manufactured plastic. Chemically, it is 
polyethylene terephthalate, formed by 
the condensation reaction between ethy- 
lene glycol and terephthalic acid. A 
polymer with an oriented molecular pat- 
tern, it exhibits a smooth surface, uni- 
form thickness, and a resistance to high 
temperatures and humidity. To this 
Mylar base is added the magnetic iron- 
oxide particles, ground to a _ micro- 
scopic size. They are combined with a 
binder and applied to the base with pre- 
cision equipment. 

The tiny magnetic heads in a re- 
cording system perform three vital 
functions. The record head converts in- 
formation—in the form of encoded 
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pattern of | 


electrical 
magnetization upon the tape. The re- 
produce head reconverts this magneti- 


signals—into a 


zation pattern into electrical signals 
again, to be decoded and put to an ar- 
ray of practical uses. The erase head 
obliterates old information, leaving the 
tape clean for further use. 

It is an extremely sensitive tech- 
nique, and herein hides the problem. 
For, in spite of all reasonable precau- 
tions, the surface of the tape does not 
end up entirely smooth and homogene- 
ous. Small defects manifest themselves | 
by instantaneous lapses or reduction in 
signal level, which are referred to as 
“drop-outs.” 

The most serious of these are “no- 
dules” or clusters of oxide particles 
which form along the surface of tape. 
As these nodules pass across the head, 
they cause the tape to be lifted away 
from the head and result in defective 
recording. A similar difficulty will occur 
if a foreign particle of dust is permitted 
to find its way onto the surface of an 
otherwise perfect tape. 

Illustrative of the reliability prob- 
lem are the difficulties experienced with 
Videotape. The extreme fidelity de- 
manded of Videotape, which must ac- 
cept ten times more information per 
unit area than audio tape, produced an 
inordinately high rejection rate when 
the tape was first introduced. 

In addition to achieving a reliable, | 
flawless surface, positive steps will have | 
to be taken to extend tape’s environ- | 
mental limits. The physical properties 


of Mylar are relatively unaffected 
throughout the temperature range of 
-20° to +80°C. It remains flexible 


without signs of embrittlement at tem- 
peratures as low as —60°C. 

But as the temperature is increased | 
above 80°C, it behaves like an elastimer, 
finally melting at about 250°C. Several 
new resins that appear to be potentially 
useful have appeared recently. For ex- 
ample, polyurethane, an isocyanate de- 
rivative, can be produced in forms not 
unlike conventional plastic products, 
and some manufacturers claim its use- 
ful range to be as low as —60°C and as 
high as +200°C (the magnetic iron- 
oxide material presents a problem only 
at about +-400°C when it reverts to non- | 
Magnetic form). 

As might be expected, the size and 
weight of mobile recorders for missiles 
and aircraft has been ever downward. 
Completely transistorized systems, light- | 
weight metals, and miniature mechani- 
cal components have been used. These 
techniques have helped, but equipment 
will have to be shrunk much further. 

There no longer appears to be a 
question of whether the magnetic tape 
recorder can serve as a useful tool in 
rocket and missile applications, but 
rather how it can serve the best. 
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Engineering and management 
opportunities in... 


RCA SYSTEMS 
SUPPORT PROJECTS 


RCA offers expanding opportunities in Weapon Systems 
Support projects. This work involves program planning, 
advanced operations analysis, systems analysis, equipment 
development and design, and systems integration. Experi- 
ence is desired in the many areas of systems support— 
checkout and test equipment, logistics, and training. 


Exceptionally fine professional and management positions 
are available to EE’s, ME’s, Mathematicians, and Physi- 


cists with at least five years of experience. 


Salaries are excellent; opportunities for advancement, un- 
limited. Benefits are among the best in the industry. 


Several current Systems Support Project areas are: 
Aircraft electronics systems 
Military and civil digital communications systems 
Missile systems 


Space vehicles and space stations 


FOR INTERVIEW WITH ENGINEERING 
MANAGEMENT: 


Please send complete résumé to: 


Mr. C. B. Gordon 
RCA, Box Z-22H 
Professional Employment 
Building 10-1 

Camden 2, N.J. 
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New Techniques Aid Electronics Cooling 


Basic methods of heat dissipation in components are the 


same but the applications can vary. Here are the prin- 


cipal cooling methods. 


by Hal Gettings and 
Charles D. LaFond 

WASHINGTON—Electronic compon- 
ents cooling is a part of equipment 
overall cooling design that must com- 
plement the system or it might just as 
well be eliminated. Where system cool- 
ing transfers heat to the ultimate sink, 
components cooling transfers unwanted 
heat in such a manner that it can be 
picked up by the greater heat exchange 
mechanism. 

Basic methods of heat dissipation 
are the same—only the applications 
vary: 

© Cold plate mounting (air, liquid 
or evaporative) 

® Direct forced air convection 

® Free convection to ambient air 

® Radiation heat transfer 

Other methods, such as direct liquid 
cooling, could be used but these are 
the most commonly encountered. 

* Cold plate cooling—A common 
and often quite satisfactory method 
of cooling electronic equipment is by 
conduction or cold plate cooling. In a 
recent paper by Mr. J. R. Baum, a 
senior staff member of the Motorola, 
Inc., Mechanical Engineering Labora- 
tory at Phoenix, Ariz., the application 
of cold plate cooling to an airborne 
radar receiver/transmitter was de- 
scribed. It was emphasized, however, 
that the design method provided the 
same general approach employed in all 
cold plate cooling of electronic eqaip- 
ment. 

The method was chosen in this in- 
stance for several reasons. Pressuriza- 
tion of the unit for electrical reasons 
was a requirement. The most severe 
temperature—altitude requirement es- 
tablished for the equipment was 131°F 
at 10,000 feet. The equipment had a 
total power dissipation of 430 watts and 
was designed for operation in ambient 
temperatures up to 131°F for continu- 
ous operation and 160°F for short 
periods of time. 

It was estimated that if no cooling 
provisions were made in the equipment 
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design the unit would have at least a 
100°F rise over the ambient tempera- 
ture in the external surface. In addi- 
tion, the maximum electronic com- 
ponent temperature rating was 185°F. 
Because of pressurization, direct forced- 
air cooling through the equipment 
could not be used. 

To support the cold plate conduc- 
tion cooling, forced air was to be em- 
ployed for cooling the component 
mounting structure. This was accom- 
plished by employing a split casing 
mounting bulkhead. This was installed 
horizontally and separated to provide 
the space through which ambient air 
could be forced by means of small 
external blowers. To better utilize avail- 
able space and for better air distribu- 
tion two small blowers were employed 
rather than one large unit. To increase 
the efficiency, a series of fins parallel 
to the air flow were used to provide 
maximum heat transfer. 

* Forced air convection—The term 
“forced air convectio.,” usually refers 
to the use of blowers or externally 
supplied cooling air for circulation 
within the electronic equipment. Thus 
a source of moving air is available for 
cooling, but without the refinements 
of cold-plate construction. 

Air velocity over a dissipator can 
be increased by the use of baffles or 
ducting to direct and increase the local 
velocity of the available air over the 
desired area. A short dimension in the 
flow direction is desirable and this may 
dictate the baffle orientation. 

Where no central forced air cir- 
culation exists, it may still be necessary 
to provide for high rates of local heat 
dissipation by use of small blowers. A 
number of miniature blowers are avail- 
able to meet a variety of situations. 
The choice would be based on the re- 
quired velocity, space, and other re- 
quirements. 

* Free convection—Probably the 
most common method of getting rid 
of heat in electronic equipment is by 
free convection. Where components are 


mounted on metal chassis of large 
area, in room ambients, usually no seri- 
ous problem exists. With higher am- 
bients and denser packaging, the prob- 
lem can become acute. 

One common decision to be made 
in orientation of the dissipator is 
whether it should be mounted _hori- 
zontally or vertically. 

In general, Motorola has _ found 
that vertical surfaces with the short 
dimension vertical are the most de- 
sirable. A series of short vertical fins 
very close to the component is 
effective. This configuration also mini- 
mizes the distance from the component 
to the dissipator and reduces the 
accompanying internal thermal resist- 
ance of the dissipator. Because of the 
extremely low value of convection heat 
transfer, there is a need for providing 
maximum dissipating area and mint 
mizing thermal resistance up to the dis- 
sipating area. 

® Radiation heat transfer—Radia- 
tion heat transfer is important with free 
convection, since it can be of the same 
order of magnitude as the convection 
term. In considering radiation heat 
transfer, emissivity and shape factors 
are the only terms capable of being in- 
creased. 

The shape factor is fixed by the 
overall orientation of the dissipator 
with respect to its surroundings. This 
is a function of the particular con- 
figuration and cannot be easily altered. 

The emissivity factor is a direct 
function of the finish, or radiating 


“color,” of the dissipator and the re | 


ceiving surfaces. A highly emissive 
finish such as flat black is desirable. 
Surface finish is one factor often over- 
looked where the heat transfer can be 
increased with practically no effort. To 
attain the best possible surface for 
radiation, a high emissivity surface 
should be provided on both the dissi- 
pator and receiving surfaces. 

* Electron tube cooling— Major 
cause of failure with miniature electron 
tubes, revealed by exhaustive investiga 
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{ tions by many manufacturers and the 
government, Is excessive operating tem- 
peratures. To reduce this failure cause, 
a number of cooling methods have 
been utilized. 

Where component density is not a 
problem, an airflow directly over the 
tubes has been successful. 

adequate 

addition, 

electrical 


In high-density packages 
cooling is a great problem. In 
the metal tube shield used for 
shielding tends to add to the problem. 

Motorola has determined after ex- 
tensive testing that the use of heat dis- 
sipating shields and inserts can help to 


} minimize this difficulty. A substantial 


improvement in thermal performance 
results. Also, the investigation showed 
that horizontal types were considerably 
more efficient than vertical types 

The most common method of uti- 
lizing these tube heat dissipators is to 
employ some form of clip, shield, or 
mount to grip the tube envelope. This 
provides a means of conducting heat 
to the chassis, cold plate, etc. 

* Power transistor cooling—Gen- 
erated at the collector, heat in a power 
transistor must be transferred to the 
ultimate sink through a thermal path 
between the sink and junction. Thus it 
behooves the design engineer to under- 
stand the limits of various mounting 
methods. 

The design of most power trans- 
istors provides for the best possible 














internal thermal path between junction 
and base. Also, the base is provided 


with sufficient area for proper heat 
transfer to the dissipating device 
Of the various methods of heat 


transfer, cold plate cooling offers the 
fewest problems in transistor mounting. 
If the transistor is mounted without an 
electrical insulator, only the bare sur- 
face contact resistance is present. Addi- 
tion of an electrical insulator such as 
mica or Mylar will further increase the 
resistance to heat transfer 

For various insulators, the contact 
resistance is the governing factor rather 
than the insulator thickness. In general, 
the mating surfaces should be 
smooth as possible with maximum con- 
tact pressure. Minimum insulator thick- 
ness should be used, consistent with 
electrical requirements. If possible, a 
conductive grease should be applied in 
the joint. The use of a surface-treated 
thin metal washer, such as anodized 
aluminum, appears to have some merit. 

The use of a highly thermal-con- 
ductive material is the best method of 
assuring efficient dissipator perform- 
ance. Consistent with weight and space 
fequirements, a large enough cross- 
sectional area should be used to in- 
crease conductance. When weight limi- 
lations are involved, thermal conduc- 
tivity and material density must be con- 
sidered together. On this basis, it has 


as 
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been found that for the same weight 
the conductivity of magnesium and 
aluminum are superior, in that order, 
to copper. This is true in spite of the 
fact that magnesium and aluminum 
have a lower thermal conductivity than 
copper. Where space alone is a con- 
sideration, then thermal conductivity 
will govern. 

The distance between the transistor 
base and the midpoint, or average tem- 
perature point, of the dissipator should 
be kept to a minimum consistent with 
the thermal conductivity and thickness. 
This particular point must be 
sidered, together with the necessity for 
having sufficient dissipator surface area. 
For example, if an increase in hori- 
zontal dissipator area is required in a 
particular case, then the thickness or 
material conductivity must be increased 
proportionally. Failure to do this can 
increase the resistance to heat transfer 
in the dissipator at the same rate that 
heat transfer from it is being increased 

with no net gain. 


con- 


One approach to this problem is 
to provide a dissipator configuration 
(such as vertical finning) so that the 
distance between base and average tem- 
perature point may be kept short with 
no loss in area. 

In some the designer can 
choose the method of dissipating the 
heat to the ultimate sink. If this is the 
situation, the selection of dissipator 
and cooling methods go hand in hand. 
It is assumed that the dissipator pro- 
vides the conductive link to the final 
method of dissipation to a sink. So- 
called conduction cooling still requires 
final dissipation to the ambient air or 
to a coolant fluid at some point 

* Miniaturized IR cooler—Arthur 
D. Little, Inc., of Cambridge, Mass.., 


cases 


has developed a tiny cooling device 
which super-chills infrared detection 
equipment to 60° Kelvin (—350°F). It 


employs a new refrigerating technique 
which may prove to be a significant 
scientific achievement 

Ihe eight-ounce min-IR cooler re- 
sulted from a two-year research project 
into extreme low temperature equip- 
ment conducted by Dr. Howard O 
McMahon and William E. Gifford at 
Arthur D. Little, Inc. Cambridge re- 
search and engineering company. It 
was unveiled at the 1959 National Mis 
sile Industry Conference in Washing- 
ton, D.C. 

Development of the system for in- 
frared applications is being conducted 
by ADL and Hamilton Standard, Divi- 
sion of United Aircraft Corp., Windsor 
Locks, Conn. 
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THIS Arthur D. Little-developed min-IR- 
cooler is a low-pressure, closed-cycle re- 
frigeration device developed for use with 
IR detection equipment. 





IHIS environmental conditioning system 
by AiResearch utilizes a series of modules 
serve as a cold plate. 


to 






















WEIGHING two pounds, this Dunham- 
Bush ethylene glycol-to-air heat exchanger 
has capacity of 5460 BTU hr (1600 
watts). 
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wider range response ... 


relatively low pressure gas and per- 
formance of work by the gas during 
expansion. 

The closed system consists only of 
a compressor and the cooling head. 
The cooling head contains inlet and 
exhaust valves, expansion piston, re- 
generator, and cylinder. 

In operation, helium gas expands 
from 300 psi in a %” diameter cyl- 
inder, 2” long. A tiny plastic piston is 
the only moving part of the unit below 
room temperature. The cold end of the 
tube refrigerates an infrared cell to 
60° Kelvin. (Cooling infrared detectors 
to extremely low temperatures increases 
their sensitivity and makes them re- 
sponsive to a wider range of IR wave 
lengths. ) 

Since gas cooling is achieved through 
an expansion work cycle and not 
through the Joule-Thomson effect, por- 
ous plug clogging difficulties are elim- 
inated and maximum system pressure 
(and thus component size and weight) 
is greatly reduced. Hamilton has stated 
that the closed system presents no 
limitations on stand-by or service oper- 
ative periods and is logistically simple. 


This device is considered to be the 
first satisfactory miniature refrigerator 
for extremely low temperatures. 

The same principles used in the 
min-IR-cooler are being applied by 
ADL to other areas of low tempera- 
ture. 

* Peltier cooling—The practicality 
of applying Peltier cooling to a teleme- 
try package has been shown by Ray 
Marlow of Texas Instruments, Inc., in 
a paper presented at the American 
Rocket Society’s Semi-Annual Meeting 
in San Diego in June. 

To optimize performance in a mis- 
sile-borne telemetry system, compo- 
nents must be protected against ex- 
treme or sudden temperature variance. 
The operating characteristics of tran- 
sistors and diodes are particularly influ- 
enced by operating temperatures. 

If the package is provided with 
thermal insulation, heat build-up re- 
sulting within the system must be con- 
trolled by some means of disposal. This 
is particularly true in a satellite having 
a long flight time. Also, during long 
pre-flight checkout operation of mis- 
siles, this problem is manifest. 
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is required. 


Los Angeles: 

635 S. Kenmore Street — DU 8-5260 
Dallas, Texas: 

4924 Greenville Ave. — EM 8-7871 
In the Midwest: 

115 N. Main St., South Bend, Ind. 
CE 3-1821 . . . or write directly to 
Coast Manufacturing & Supply Co. 
P.O. Box 71, Livermore, California 
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HIGH STRENGTH—HIGH TEMPERATURE 
PHENOLIC MOLDING COMPOUNDS solve 
many missile problems for Aerojet- 
General where high temperature insula- 
tion with good strength-to-weight ratio 


For information about how Trevarno Resin Pre- 
impregnated Glass Fabric can help you solve your 
problems, write or call District Office nearest you: 
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Marlow suggests that here Peltier 
cooling and heating appears to offer g 
solution in airborne or missile elec. 
tronic equipment. 

The Peltier effect is achieved 
through the direct conversion of elec. 
trical energy to thermal energy by pass. 
ing an electrical current through two 
semiconductors in series. One junction 
of the thermoelectric element becomes 
cold and the other hot, depending on 
the direction of the current. The cold 
or hot junction will provide an environ. 
ment in which the electrical compo. 
nents will operate with increased relj- 
ability in a telemetry package. 

The great advances in semiconduc. 
tor materials in the past years have 
permitted improved performance of 
the Peltier effect. The use of this 
method of component cooling could 
provide a thermal environment that 
would lengthen component life expec- 
tancy. Reliability is inherently high 
since there are no moving parts in- 
volved. 

Marlow indicated that the limiting 
factor of Peltier cooling is the material 
itself used to make the thermoelectric 
thermo-elements. But, he believes the 
use of Peltier cooling and heating will 
increase with the advance of the state- 
of-the-art in semiconductor material 
fabrication. 











Ease of fabrication, both in time and labor re- 
quired, lower cost of tooling, high glass content, 
give these parts their strength-to-weight ratio. 








Trevarno high strength, high temperature | 
phenolic glass molding compounds are used 
extensively where housing for electrical com- 
ponents are required because of its excellent 

insulating properties. 
Le ee oe eee wre : 
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major propulsion engineering a 


breakthrough By M/R STAFF 
Sol il propulsion. . . ‘ 
in flexure i be a Uae “tekty. moon.” T. C. Te, adverry engine, ‘ne 





. : : k 

mechanics department, Westinghouse Research Laboratories, believes — 

technology that a solar sailing project can be “realized fairly soon without ex- with 
tensive research and development.” He discusses the characteristics dories 


and advantages of “Interplanetary Travel by Solar Sail” in the Ameri- | Inc. 


a com lete/ can Rocket Society Journal, June. Tsu presents solutions to the Dyna 
p y equations of motion and optimization of sail tilt angle. He also 
computes travel time and general performance compared with gram 


| 
universal pivot chemical and ionic propulsion. stasth 





Think of a solar sail vehicle .. . 
as a rocket with unit mass ratio and an infinite propellant reserve 


— ranges to says Tsu. He refers to R. L. Garwin’s paper, “Solar Sailing—a Prac- 


























tical Method of Propulsion within the Solar System,” Jet Propulsion Nav 
1 500 000 pounds (ARS Journal), March 1958, for figures on cost and feasibility. “The | in 19 
’ ’ solar sail is of negligible cost,” Tsu summarizes, “and is perhaps } detect 
more powerful and less difficult than many often-cited and compet- of a 
ing schemes.” A solar sail operates by the pressure of sunlight fall- detect 
ing on a sail made of ultra-thin aluminum foil or aluminized or 
silvered plastic sheet. This is the radiation pressure principle, known 
to physicists and parlor trick fans for many years. 
Advantages of solar sails are numerous. . Cap: 
| The ship’s mass remains constant; sail force is available for the which 
ship’s entire journey; neither fuel nor other propellant is needed; naut s 
| no powerplant is needed, and consequently there are no waste heat machi 
disposal problems. Although the force is very small compared with west | 
that available from chemical rockets, Tsu points out that the force ternal 
| is available for as long as it is needed. well § 
nutriti 
| “A trip to Mars or Venus can be made .. . 
in less time by solar sail than by chemical rocket,” says the Westing- | 
house engineer. A solar sail can return to earth or make in-flight 
This unique flexure permits true uni- navigational corrections whenever necessary. Since it moves at a Al 
versal motion in any direction about a | non-uniform speed under a non-central force system, the sail’s con- Fort | 
point. Unit is frictionless, and stable. tents are not entirely weightless. However, the weight of a load | are w 
; would be much less than on earth. auge 
It provides maximum axial stiffness | gauge 
with minimum rotational restraint. The | New veered data soe honganaam st ioe ; er 
, bas are available from a leading manufacturer of rocket propellant 
—_ = aon pticetan | oxidizers, Allied Chemical’s igiteed Chemical Division (40 Rector propel 
wear, permitting exceptional precision St., N.Y.C. 6). Allied offers a 29-page bulletin on fuming nitric won | 
and reliability in small space. acid, both white and red, properties, corrosion data, storage and metal 
| ° ° handling directions. The company also offers a bulletin on both gase- craft 
| applications: ous and liquid fluorine, and a work on chlorine trifluoride, which contra 
| also includes data on the other halogen fluorides. These data book- = 
pa shane un Meine den to the Gdhencteny. Tpdd Cecrias valeading © 
DYNAMIC TEST FIXTURES procedure, chlorine trifluoride vapor pressures. dhe 
‘ 
PRECISION WEIGHING SYSTEMS USSR is bragging about chemical progress . . . Rubbe 
FATIGUE MACHINES and/or made since the Communist Party central committee meeting a year Corp. 
SUPPORT OF TEST SPECIMENS ago last May. That was the meeting at which Russia decided to Pershi 
' accelerate chemical industry development, especially production of story r 
HELICOPTER DRIVE SHAFTS | synthetics. The Soviet Embassy (Washington) says the industry has ing 4( 
Complete data on request. Bulletin 200. “overfulfilled the 1958 plan for gross output.” Production was 13% room 
| over 1957 production, and the first five months of 1959 show pro- Atlase: 
/ duction up 11% over 1958, the embassy statement says. Included berg A 
(NOOUSAMNMMUCE . among the items cited, are jet engine compressor blades. Associ 
ave. Alcohol from crude oil . . . _ Sat 
—_— =a . is up, the Russians say. Last year, the USSR produced 26 million is bein 
3155 N. Rosemead Blvd.. Rosemead, Calif. decaliters of alcohol from crude oil. Although the Embassy release sion Ih 
‘mate does not spell it out, there is a strong hint that the majority of _ Airera’ 
ATientic 0-21 12 Russia’s alcohol in the past had been produced by the fermentation capsulk 
Paar process. lite 
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'—inore about missile week 


(Continued from page 9) 


Effort to make space .. . 

vehicles invisible to radar and other 
tracking techniques is picking up steam. 
Republic Aviation has placed contracts 
with General Applied Science Labora- 
dories, Flight Support Inc.,. ANTALAB 
Inc., Fluidyne Engimeering Corp. and 
Dynametrics Corp. as part of its pro- 
gram to develop design techniques. Pro- 
gram almost certainly involves use of 
plastics, since no metals are transparent 
to electro-magnetic radiation. 


| Navy will spend $12 million . . . 


ee 


ee en — 








in 1960 FY to develop special ASW 
detection system—believed to be kind 
of a “wet DEW line” for submarine 
detection. 


SPACE MEDICINE 


Capsule “K rations’’ . . . 

which would be propelled into astro- 
naut’s mouth while in space by a slot 
machine device is suggested by South- 
west Research Institute scientists as al- 
ternative to squeeze bottles. Shell as 
well as filler of the pills would have 
nutritive value. 


MANUFACTURING 


Army Engineer R&D Laboratories, 
Fort Belvoir, has new AC-DC inert gas 
arc welder for working on very thin 
gauge metals such as those used in 
Redstone . . . Successful flight of Temp- 
co Aircraft Corp’s prepackaged liquid 
propellant Corvus came only after hard- 
won victory over troubles with spun 
metal propellant tanks . . . Beech Air- 
craft Corp. has received $1.5 million 
contract for KDB-1 Army drones. . . 
a 54,000 cubic foot seamless nylon ra- 
dom capable of standing winds up to 
150 mph and temperatures —65°F to 
135°F has been developed by Aviation 
Products Division, Goodyear Tire and 
Rubber Co. . . . Bowmar Instrument 
Corp. has $65,000 contract to produce 
Pershing transmission unit . . . Two- 
story missile assembly building contain- 
ing 40,000 square feet of space and 
foom for test and checkout of two 
Atlases is now being built at Vanden- 
berg AFB. A&E is by Welton Becket & 
Associates . . . 

Satellite clock and time programmer 
is being developed by Waltham Preci- 
sion Instrument Co. under McDonnell 
Aircraft Corp. contract for Mercury 
capsule. Device will set into motion 
split-second schedule of 13 important 
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activities, including re-entry . . . New 
entry in liquid missile and rocket fuel 
business is Frontier Refining Co., Den- 
ver . . . Upcoming soon: Army con- 
tract award for Mauler, self-propelled 
missile system capable of providing all- 
weather air defense to forward troops 

. . Aerojet-General Corp. has Army 
Engineers contract for design of 6 mil- 
lion pound thrust rocket test stand at 
Edwards AFB .. . $3.5 million produc- 
tion contract for Guardian II pre-pack- 
aged rocket engines has been awarded 
Reaction Motors Division of Thiokol 
Chemical . . . Stromberg Carlson Divi- 
sion of General Dynamics Corp. is 
holder of Rome Air Development Cen- 
ter contract for design and develop- 
ment of 15 antenna assemblies for the 
Air Force’s highly classified Ground 
Passive Electronic Reconnaissance Fa- 
cility. 


Sonic Burning Control 
Sought for Solids 


Resonance burning, a phenomenon 
that has bothered rocket engineers for 
years, may be put to good use. Acou- 
stica Associates Inc. of Plainview, N.Y., 
says it has received a $85,188 con- 
tract from NASA to study the possi- 
bility of controlling the burning rate 
of solid rockets through high-inten- 


sity, ultra-high-pitch sounds. 

David Gross, an Acoustica engi- 
neer, said a threshold effect indicates 
that the control might become opera- 





ABMA technicians have come up with 
their own version of “rock and roll.” 
This shake table can put 30,000 pounds 
through a rotary action providing up to 
90,000 pounds gross vibrating force. The 
facility is about 10 ft. in width and can 
accommodate vehicles with wheel bases 
up to 50 ft. 


tive at a pitch upwards of 10,000 
cycles a second. This is a just barely 
audible note than can be produced 
on a violin but is about 1% octaves 
above the highest note on a piano. 
The human ear is sensitive to pitch up 
to about 15,000 cycles. 

Gross said research by the Russian 
T. M. Kurbansky and Americans at 
Georgia Tech seems to show that the 
burning rate of typical solid propellants 
can be increased 3 to 10 times by such 
sonic mixing. At present, the only con- 
trol available for solid rockets is the 
on-off type. 

Acoustica is a developer of ultra- 
sonic sound equipment used for indus- 
trial cleaning and liquid gauging. 


New Regulations Up 
On Operational Status 


New regulations now in the process 
of coordination by Air Force head- 
quarters will give major weapon system 
management responsibility to the Dep- 
uty Chief of Staff (Operations). Under 
the new rules, “general operational re- 
quirements” will be abandoned in favor 
of “required operational capability doc- 
uments” which will be the responsibility 
of Deputy Chief of Staff (operations). 

Since there is still a necessity to 
evaluate the technical requirements of 
proposed weapon systems, Deputy 
Chief of Staff (Development) will issue 
“system development requirement 
(SDR)” and subsystem development re- 
quirement. 

After that it will be up to the Dep- 
uty Chief of Staff (Operations) to deter- 
mine the feasibility of producing a new 
weapon system, after first determining 
that the proposal meets both the re- 
quired operational capability and the 
system development requirement. At 
this point, he will order a new system 
into production by issuing a new 
“Specific Operational Requirement” and 
“Operational Support Requirement” 
document. 

By this new method, AF hopes to 
establish tighter AF management con- 
trol over new weapon systems. How- 
ever, official statement indicates that 
there will be no change in procure- 
ment practices. 


E-B Gets Contract 


Electric Boat Division of General 
Dynamics Corp. has been given a con- 
tract to build the aiming system for the 
nation’s largest radio telescope being 
constructed by the National Radio 
Astronomy Observatory in Greenbank, 
W.Va. 
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Development of a “new family” of 
metals for solid rocket casings has been 
achieved by Aerojet-General Corp. and 
Stauffer-Temescal Co. of Richmond, 
Calif., M/R has learned. The new al- 
loys, of tantalum and tungsten, can be 
produced cheaply, machined normally, 
and still withstand the tremendous heat 
of solid rocket motors. 

Aside for the rare metal rhenium, 
the two components of the new alloys 
have the highest melting points of any 
known metal. The joint-effort program 
carried out by Aerojet and Stauffer- 
Temescal has produced ingots measur- 
ing 5” in diameter and 42” long, from 
the electron-beam furnaces at Stauffer- 
Temescal. 

The alloys have a melting point 
which falls between 5430 and 6150 de- 
grees F. The melting points of pure 
tantalum and tungsten. The tensile 


Aerojet-Stauffer Make Alloys 


strength of the worked 90% tantalum, 
10% tungsten alloy at room tempera- 
ture is 150,000 psi, and at 4500° F. 
the strength is still about 15,000 psi. 

The tantalum/tungsten alloys are 
very resistant to chemical attacks be- 
cause of the extreme purity imparted 
to the alloys during electronic-beam 
melting. The ingots are worked and fab- 
ricated using conventional steel-mill 
equipment and methods, and are ma- 
chined by Standard Machine Tools. 

Direct re-cycling of scrap has re- 
duced costs of the finished shapes of 
the alloys. The development program 
was headed by J. A. Griswold and 
C. L. D’ooge, project engineers in 
Aerojet’s program of developing solid- 
fueled propulsion for Polaris FBM. 
Stauffer-Temescal Company is owned 
by Stauffer Chemical Co. and Temescal 
Metallurgical Corp. 











Centaur Guidance 


To Be Pure Inertial 


Minneapolis-Honeywell has won a 
$5.4 million contract from Convair to 
develop and produce a pure inertial 
guidance system for NASA’s Centaur 
space vehicle. System will incorporate 
a variation of Honeywell's “mig” (min- 
iature integrating gyro) that must be 
capable of putting either 9000 pound 
payload in 300-mile orbit or “soft” 
land 1000 pounds on the moon. 


One of the companies now engaged 
in DOD's GLIPAR (Guide Line Iden- 
tification program for Anti-Missile Re- 
search) program is Technical Opera- 
tions Inc., which has $127,000 con- 
tract to develop any “unorthodox” 
long-term anti-missile approaches. Pro- 
gram is studying everything from 
“death rays” to anti-gravity devices. 


New milling technique utilizing 
chemicals—but different from conven- 
tional chemical milling processes—is 
disclosed by United States Chemical 
Milling Corp. The company says toler- 
ances of sheet metal can be improved 
through its “Chem-Tol” method so that 
the variation of metal thickness is less 
than +0.001 inches. 


15 Delta Engines 


Multi-million dollar contract for 15 
liquid powered engines for NASA’s 
Delta deep space mission rocket has 
been awarded Aerojet-General Corp. 
by Douglas Aircraft Co. Deliveries of 
the second-stage engines will extend 
over a two-year period and will be simi- 


Thor-Able program. Aerojet says while 
associated with these programs this par- 
ticular engine has had a perfect record 
of nine for nine to date. 

NASA is buying 20 modified Navy 
pressurized flight suits for $75,000 
from B. F. Goodrich Co. for its Mer- 
cury astronauts. Evaluation team mem- 
bers wore the suits for as long as 24 
hours before the selection was made. 


Standard Tests Methods 
For Relays Proposed 


The American Standards Associa- 
tion has virtually completed a proposed 
industry-wide code establishing stan- 
dard test methods for relays. The code, 
first ever to be drafted by industry, 
will be circulated for comment and 
approval following a review meeting in 
New York in September. 


Hazeltine Acquires 
Wheeler Laboratories 


Hazeltine Corp. of Little Neck, 
N.Y. has acquired Wheeler Labora- 
tories, Inc., in a move to double its 
engineering department. The Labora- 
tories now are wholly-owned subsidiary 
of Hazeltine. 

Wheeler Laboratories’ experience 
has been in microwave, antenna and 
related fields in the Nike-Ajax, Nike- 
Hercules, Titan, Thor, Nike-Zeus and 
Terrier-Tartar projects. 

Hazeltine recently established a 
test and engineering center in Indian- 
apolis and started construction of an 
engineering laboratory in Greenlawn, 


lar to those used in Vanguard and N.Y. 
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contracts 





MISCELLANEOUS 


$324,000—Consolidated Systems Corp., syp. 
sidiary of Consolidated Electro-dynam. 
les Corp., Monrovia, Calif., for an auto. 
matic data recording and monitoring 
system to be installed at Thermo Struc. 
tures Laboratory at Sunnyvale, Calif. 
(Subcontract from Lockheed Aircraft 
Corp.). 


NASA 


Aerojet-General Corp., has received 4 
“multi-million” dollar contract for the 
production of 15 liquid powered ep. 
gines similar to those used in Vanguarg 
and Thor-Able programs for use ip 
varied NASA space experiments. 

$100,000—Applied Science Corp., Princeton, 
N.J., for airborne statistical telemeter- 
ing equipment for project Mercury cap- 
sules. (Subcontract 
Aircraft Corp.). 


NAVY 


$3,500,000—Reaction Motors Div. of Thiokol 
Chemical Corp., Bristol, Pa., for pro- 
duction of the Guardian I! pre-pack- 
aged rocket engine. 

$2,000,000—Pratt & Whitney Aircraft Div. of 
United Aircraft Corp., East Hartford, 
Conn., for development of nuclear air- 
craft engine hardware. 

$1,921,672—Convair Div. of General Dynam- 
les Corp., Pomona, Calif., for Terrier/ 
Tartar —~ containers and han- 


dling bands. 

$100,332—Aerojet-General Corp., Sacra- 
mento, Calif., for 5KS-4500 X112A} 
rocket engines (reloads) and 5KS-4500 
X112A3 rocket engines (new). 


AIR FORCE 


Scaife Company, Oakmont, Pa., has re 
ceived a contract for additional Falcon 
missile motor cases, bringing the cur- 
rent orders on this item to almost 


$400,000. (Subcontract from Thiokol 
Chemical Corp.). 
$3,596,026—Gas Industries, Inc., Allentown, 
Pa., for oxygen, nitrogen. (three con- 
tracts). : 
$875,000—Summers Gyroscope Co., Santa 


Monica, Calif., for spare parts on the 
Phase II Vertical Gyro Indicator 
$740,250—Lewyt Mfg. Corp., L.I. City, N.Y 
for coordinate data monitor. 

$299,906—Melpar, Inc., Falls Church, Va 
for weather data record viewer, spare 
parts, and special test equipment and 
applicable data (ground support equlp- 
ment). 

$234,6446—Stanford Research Institute, Menlo 
Park, Calif., for design and construc: 
tion of parabolic antennas. 

$117,208—Union Carbide Corp., Linde Co. 
Indianapolis, for liquid oxygen con- 
verters and engineering and mainte 
nance data. 

$105,169—Thompson Ramo Wooldridge, Inc., 
Cleveland, for nuclear regenerative fuel 
cells. 


$97 ,.350—-Plasmadyne Ans, 


Corp., Santa 


Calif., for investigation of the produc | 


tion of millimeter and sub-millimete 
electro-magnetic waves. 

$95,985—Convair Div. of General Dynamics 
Corp., San Diego, for spare parts for 
center missile bay door equipment a& 
sembly. 

$88,823—Barnes Engineering Co., Stamford, 
Conn., for radiation measurements from 
major missiles. 

$88,748—American Institute for Research, 
Pittsburgh, for development of optimal 
methods of organizing and presenting 
SAGE operator job information in self- 
training equipment. 

$74,739—Schulz Tool & Mfg. Co., San Gab 
riel, Calif., for operational developmen! 
of noggles and adapters for pressurt 
serving advanced missiles and aircraft. 
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$73 


.677—Parker 
for operational development of missile 
propellant servicing couplings for use 
on advanced missiles and aircraft. 
Stanford Research Institute, Menlo 


Aircraft Co., Los Angeles, 


Park, Calif., for research directed to- 
ward the use of satellite radiation ob- 
servations in numerical weather pre- 
diction techniques. 

$96,414—General Communication Co., Bos- 
ton, Mass., for radar beacons. 

$51,9448—Elkton Div., Thiokol Chemical 
Corp., Elkton, Md., for Cajun rockets. 

#40,626—Aerolab Development Co., Pasadena, 
Calif., for component parts of the Nike- 
Cajun rocket system. 

$39,935—Lowell Observatory, Flagstaff, Ariz., 
for research directed toward the study 
of the property of the planets. 

$94,962—North American Aviation, Missile 
Div., Downy, Calif., for research directed 
toward study of geophysics of the moon. 

$94,531—Regents of the New Mexico College 
of Agriculture and Mechanic Arts State 
College, N. Mex., for rocket instrumen- 
tation engineering services. 


ARMY 


Aerojet-General Corp., Azusa, Calif., has 
been named the prime contractor for 
the design of a six-million-pound-thrust 
rocket test stand to be constructed at 
Edwards AFB, Calif. (Amount not dis- 
closed.) 

$14,320,690—-Sperry Rand Corp., Sperry Utah 
Eng. Lab., Salt Lake City, for Sergeant 
missiles 

$5,347,428—Convair, Div. of General Dy- 
namics Corp., Pomona, Calif., for feasi- 
bility study. (Two contracts) 

$3,569,388—-Douglas Aircraft Co., Santa 
Monica, Calif., for repair parts, launch- 


ing equipment and missile technical 
representative services (Three con- 
tracts). 


$2,000,000—-Aerojet-General Corp., Downey, 
Calif., for further flight testing of two 
SD-2 Drone systems including design 
improvements and manufacture of 
AN/USD-2 surveillance drones 

$1,973,000-—California Institute of Tech- 
nology, Pasadena, Calif., for research 
and development. (Two contracts) 

$1,504,250-—-Western Electric Co., Inc., 
for development of production equip- 
ment for the mechanized production 
of semi-conductor devices for the Nike- 
Zeus program 

$924,.717—Cubic Corporation, San 
Calif., for electronic measuring 

$890.582—-General Electric Co., Cincinnati, 
for fabrication, static and wind tunnel 
testing of tip turbine, liftfan propulsion 
System and design and fabrication of 
wind tunnel model 

$373,269—-North American Aviation, Inc., 
Canoga Park, Calif., for design and de- 
velopment 

$356,265—Paul Smith Construction 
lando, Fla., for 


kh 


Diego, 


system 


Co., Or- 
construction of G/M 


launch facilities 

$306,775—-Consolidated Systems Corp., Mon- 
rovia, Calif.. for digital acquisition 
system 

$274,015—-Radioplane Co., Div. of Northrop 
Corp., Van Nuys, Calif., for supplies 


and services re missile targets 


$234,614Aerojet-General Corp., Azusa, 
Calif.. for warhead 

$221,858—Biltmore Construction Co., Clear- 
water, Fla., for construction of FPS-26 
radar tower and facilities at MacDill 
AFB, Tampa, Fila. 

$215816—Domestic Film Products Corp., 
Millersburg, Ohio, for air supported 
tents for Nike-Hercules. 

$195,114—RCA, Moorestown, N.J., for re- 
search and experimental work in con- 


nection with radar parameter measure- 
ment and improved operation of in- 
Sstrumentation radar sets. 

$190,391—U.S. Amalgamated Constructors, 
Inc.. Tampa, Fla., for construction of 
flight simulator training building at 
MacDill AFB. 

$189,000—Electro Plastic Fabrics, Pulaski, Va., 
for air supported tents for Nike-Her- 
cules. 

$187,900—Irving Air Chute Co., Inc., Lex- 
ington, Ky., for air supported tents for 
Nike-Hercules. 
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$179,529—The Berger Bros. €o., New Haven, 


Conn., for air supported tents for 
Nike-Hercules. 

$154,927—-Motorola, Inc., Scottsdale, Ariz., 
for telemetry sets. 

$110,250—Bomac Laboratories, Inc., Beverly, 
Mass., for electron tubes. 

$99,431—Aeronutronic Systems, Inc., Glen- 


dale, Calif., for study ground effects 
air-cushion vehicle. 

$99,428—General Electric Co., Syracuse, for 
research and development work to per- 
form modes of failure and reliability 
prediction studies of pulse cables. 

$86,050—-Radio Corp. of America, Harrison, 
N. J., for electron tubes. 

$82,583—-Raytheon Co., Waltham, Mass., for 
electron tubes. 


$80,635—Tung-Sol Electric, Inc., Newark, 
N.J., for electron tubes. 
$68 598—Aerojet-General Corp., Azusa, 


Calif., for analysis of fuel developments 
and rocket engine designs. 

$66,776—Minneapolis Honeywell Regulator 
Co., N. Hopkins, Minn., for Honest John 
adaption kit components 

$60,000—Unit Research, Inc., Cambridge, 
Mass., for study of wind shear meas- 
urements. 

$48,103—-Bridgeport Brass Co., Hunter-Doug- 
las Div., Riverside, Calif., for redesign 
of rocket and launcher 


$45,750—Wallace O. Leonard, Inc., Pasadena, 
Calif., for transducers 

$44,990—North American Aviation, Inc., 
Missile Div., Downey, Calif., for study 


of satellite rendezvous 
$44,800—Firestone Tire and Rubber Co., Los 
Angeles, for guided missile. 
$30,800—Firestone Tire and Rubber Co., Los 
Angeles, for guided missile 


BIDS 


Purchasing and Contracting Div., White 
Sands Missile Range, N. Mex., ORDBS- 
P&C-A: Mounts for camera, single pre- 
cision axis, capable of supporting cam- 









1939 


Ets-Hokin and 
Galvan installed 
“Mousetrap” rocket 
launchers on U.S. 
Navy sub-chasers. 


1956 


EHG pioneered 
in the installation 
of electronic systems 
of test and launching 
complexes for Inter- 
continental Ballistic 
Missiles. 
















1959 
EHG has now 
installed or serviced 
the electrical and 
electronic phases on 
most of the ICBM 
complexes in the 
United States. 











eras up to 300 Ibs. Contractor shall 
furnish all labor and material in con- 
struction of the mount—9 ea.—IFB- 
ORD-29-040-60-34—-Bid opening 16 Aug. 
1959. Bid sets available through 16 Aug. 
"59. 


Dayton Air Force Depot, Gentile Air Force 
Station, Dayton, Ohio. Att: Directorate 
of Procurement and Production: 
Tube electron Klystron type 6BM6A in 
A/W Spec MIL-E-1D, dated 31 Mar. 58 
and ISS MIL-E-1/746C dated 30 Nov 56 
S/N 5960-355-7269—3000 ea.—IFB 33-604- 
60-131B—Bid opening 7 Sept. 530 
Capacitors fixed and variable identified 
by manufacturers part numbers, 24 


items—various quantities—IFB 33-604- 
60-121B—Bid opening 7 Sept. 59. 
Tube electron transmitting RETMA 


type 673 S/N 5960-069-6864, 275 ea. Tube 
electron planar triode type 6280/416B in 
A/W MIL-E1/366A (Navy) Except that 
qualification approval is not required 
S/N 5060-NSL, 3400 ea.—IFB 33-604-60- 
8B—Bid opening 12 Aug. 59. 


Army Engineer District, Norfolk, Ft. of 
Front St., Norfolk, Va. Construction of 
Langley Bomarc facilities, flight “B" 
Langley AFB, (A) Twenty-eight launcher 
storage buildings on piling: Buildings 
are about 62’x23’ with structural steel 
framing and combination of metal and 
precast concrete panel siding. These 
buildings have a sliding roof and re- 
quired mechanism to open them in a 
short time. (B) Composite building: 
Metal building about 160’x160’ on piling; 


(C) Electrical distribution and com- 
munication systems; (D) Distribution 
systems for hot water, low pressure 
compressed air; (E) Water distribution 
system; (F) Roads and hardstands; (G) 
Chain link fencing (2150 plus or 
minus); (H) Site prep. grading and 
seeding; (I) storm drainage system.— 
IFB ENG-44-110-60-1—Bid opening 28 
Aug. 59 

Installation 

Specialists 


to the 
Space Age 





ETS-HOKIN & GALVAN 


551 Mission Street, San Francisco, California 
Wilmington, San Diego, Stockton, Monterey, Oakland, Sacramento, 


Vandenberg AFB, San Mateo and Downey, California; Cape Canaveral, 
Florida; Denver, Colorado; Phoenix, Arizona; Cheyenne, Wyoming; 


Las Vegas, Nevada. 
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Burt Ramsay, chief engineer, technical, 
has been named director of Engineering, 
Amelco, Inc. with Roger R. Boy de la 
Tour, assistant chief engineer, technical, 
succeeding Ramsay at the electronics 
firm. Ramsay joined Amelco two years 
ago after leaving the Canoga Corp. where 
he worked on development of various 
missile support systems, solid state amp- 
lifiers and power supplies. Boy de la Tour 
came to Amelco in December 1958 from 
Lear, Inc. 


David A. Young, who was Aerojet- 
General’s first em- 
ployee when the 
company was 
founded in 1942, 
and recently chief of 
ARPA’s space tech- 
nology program, has 
been named direc- 
tor of Corporate 
Long Range Plan- 
ning Division by 
Aerojet. Young, a 
graduate of CalTech, served in various 
positions at Aerojet, including chief of 
the Rocket Physics Department of the Re- 
search Division and assistant chief engi- 
neer of the Liquid Engine Division in 
charge of nuclear projects. 





Charles C. Goodrich, as Douglas Air- 


craft Co.’s_ repre- 
sentative at the 
Army’s’ Redstone 


Arsenal, will oper- 
ate from a _ new 
Douglas office to be 
established in Hunts- 
ville, Ala. He will 
maintain — technical 
liaison with the 
Army Ordnance 
Missile Command 
and the Army Guided Missile Agency. 
Goodrich has been at White Sands Mis- 
sile Range for the past five years and, 
since last fall, has been project engineer 
for the Nike series at that location. 





Dr. Leonard S. Sheingold of Sylvania 
Electronic Systems, 
division of Sylvania 
Electric Products 
Inc. has been 
named a member of 
the U.S. Air Force 
Scientific Advisory 
Board. Dr. Shein- 
gold, who is man- 
ager of Sylvania 
Electronics’ Applied 
Research Labora- 
tory, has held many active and advisory 
appointments to governmental scientific 
groups including DOD’s Weapons Sys- 
tems Evaluation Group, the Operations 
Research Office of Johns Hopkins Uni- 
versity and the Office of Naval Research. 
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Russell A. Kimes, director of Ameri- 

rs can Machine & 
Foundry Co.’s Gen- 
eral Engineering 
Laboratories, has 
been appointed a 
divisional vice presi- 
dent of AMF’s 
Government Prod- 
ucts group. He 
will also continue as 
director of engineer- 
ing, responsible for 
the operation of AMF’s Alexandria divi- 
sion in Alexandria, Va., the Greenwich 
Engineering division, and the Mechanics 
Research division in Chicago. He will 
work out of G.E.L. headquarters at 
Greenwich, Conn. Kimes came to AMF in 
1946 as assistant works manager of the 
Buffalo plant. 


Pees Rauschenbach, former sales man- 
ager of Martin- 
Baltimore, has 
joined United Elec- 
tro Dynamics, Inc. 
as manager of De- 
velopment Planning 
in charge of com- 
pany expansion and 
market development. 
Rauschen b ach, 
whose 16 years in 
the Marine Corps 
includes work in guided missile develop- 
ment, was later assistant project engineer 
on the Lacrosse missile for Martin-Balti- 
more and also spent a year with ACF 
Industries, Avion Division, directing the 
weapons systems department. 


Dr. John M. Salzer has joined the 
technical staff of the 
vice president, En- 
gineering, Ramo- 
Wooldridge Division 
of Thompson Ramo 
Wooldridge Inc. 
Formerly director of 
systems at the Mag- 
navox Research Lab- 
oratory, Dr. Salzer 
worked in systems 
investigations, pro- 

motion of military products, supervision 
of projects in missile guidance, control 
computers, data processing, communica- 
tions systems, and special studies. Prior to 
that he was with Hughes Aircraft Co. 


David I. Margolis, former assistant 
treasurer of the Raytheon Manufacturing 
Co., has been named assistant to the 
president of International Telephone and 
Telegraph Corp. From 1952 to 1956 he 
was security analyst for Joszphthal & Co. 
of New York City. Three engineers have 
been promoted to senior scientists at ITT 
Laboratories, Nutley, N.J.: Richard E. 











— 


Gray, former senior project engineer of 
the Radio Communication Laboratory 
and Henry F. Herbig and Malcolm ¢ 
Vosburgh, former executive engineers of | 
the Wire Communication and the Avionic 
Systems Laboratories. They will work op 
development and application of ney 
scientific theories and laws. 


Dr. Ray P. Dinsmore, authority op 
natural and syn. 
thetic rubber and, 
vice president of 
research and devel. 
opment for the 
Goodyear Tire &@/ 
Rubber Co., ob 
served his 45th year 
with the firm re 
cently. Dr.  Dins) 
more’s colorful ca 
reer in research has 
been highlighted by award of the Colwyp | 
Gold Metal for 1947, awarded by the In. } 
stitution of the Rubber Industry for his 
work in synthetic rubber research and its 
development and application to products | 
and the Charles Goodyear Medal for 1955 
by the Rubber Division of the American 
Chemical Society. 


Appointment of Julian J. Kliolz, vice 
president, to serve 
on the board of é& 
rectors, was af 
nounced by Asso 
ciated Gaskets, Ine, 
Other appointments 
by the firm: Joseph 
J. Locastra, plant | 
superintendent and | 
Paul Gordon Am 
brose, production 
manager. Kliolz be } 
came a vice president in 1948 when he | 
came to the firm from the H. O. Canfield 
Rubber Co., where he was assistant pro 
duction manager. Locastra also came from 
Canfield, starting there in 1923 and work- | 
ing in almost every department of the 
organization. Ambrose has been assistant 
production manager at Associated Gaskets 
since 1957. 


a e—_— = 


Robert E. 





Lehman has been appointed 
manufacturing mat 
ager of Pulse En 
gineering, Inc., elec ; 
tronics firm, after 
12 years at Lenkurt 
Electric, where he 
was variously trans | 
former _ production | 
foreman, transform 
er design engineet, 
manager of the | 
transformer  desigt 
group, and manager of the transformer 
standards group. 
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We have read with interest the ex- 
cellent article, “Notch Sensitivity Wall 
will Crack,” which appeared in the June 
m issue, page 15. The article, however, 
makes little mention of the importance 
of the quality of the basic materials used 
in rocket cases. 


While Allegheny 


Ludium’s role has 


been as a basic supplier of special clean- 
jiness air melt and more importantly, 
| eonsutrode vacuum melt plate, sheet, and 
forging billets, and we have not entered 
into the fabrication or testing of com- 
pleted casings, it is our understanding 
that there is increasing verification that 
the cleanliness and freedom from even 


minute internal 
insuring 


t in 
rote We are also informed by our 
customers 
alloy grades melted to extreme cleanli- 
ness standards and consutrode vacuum 
melted to very low inclusion counts offer 
considerable advantage in the ability to 
form such materials in the severe spin- 
ning Operations involved in certain de- 


that 


flaws is extremely im- 
maximum bursting 


the high-strength, low- 


signs. 
J. B. Henry 
Manager, High Temperature 
Alloys & Valve Steels 
Allegheny Ludlum Steel Corp. 
We will deal with this in future 
articles. 
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in the June 


al: | To the Editor: 


Your editorial, “Wake Up and Live,” 


re, 


7 


issue was a superb sum- 


| mary of what has happend in the air- 
ph craft industry to cause the current rash 
of symptoms. It’s like the man who has 
eaten the best rich food for years—and 
now has the gout. 

Keep up the good work. It takes guts 
to tramp on people’s toes, but it is neces- 
he | sary and good at times. 


Larry L. Booda 
CDR, U.S.N.R. 

Navy Department 
Washington 25, D.C. 


Clarification Pleases 
To the Editor: 


“New England’s Missile Boom,” by 
William E. Howard, in the July 6 issue of 
M/R, was another fine article that helps 
clarify this thing called the “missile in- 
dustry .. .” 

W. E. Green 

Metal Fabricators Corporation 
73 Pond Street 

Waltham 54, Mass. 


New Missile ‘Bible’ 
To the Editor: 


Your superb July 20 issue—the Third 
Annual Engineering Progress Issue and 
World Guided Missile Encyclopedia . 
will forthwith become our “bible” as we 
continue to work with manufacturers of 
missile and rocket components . . . You 
and your staff are to be congratulated on 
a major contribution to the dissemina- 
tion of knowledge in this field. 

D. J. Duffin 
Duffin-Hughes Associates 
Public Relations 

1518 Walnut Street 
Philadelphia 2, Pa. 


Congrats on Editorial 


To the Editor: 


May I be permitted to compliment you 
on your outstanding editorial in the July 
13 issue of MISSILES AND ROCKETS, 
of which I am a subscriber, headed “Com- 
ponents Reliability: What's Needed?” 

Perhaps I am so keenly enthusiastic 
about your editorial for the reason that 
| have sung the same song for many, 
many years—frankly, without too much 
in the way of results. Your editorial pro- 
vides much needed ammunition for de- 
signers in the missile field, to say nothing 
of highspeed supersonic aircraft. 

As a designer of switches and thermal 
controls, mostly in the aircraft and missile 
fields, for the past 30 years, I feel that 
today we know how to make our re- 
spective components right, but there never 
seems enough time to do the job; and if 
it is approached, our companies who are 
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THE MOsT! 


TO SAY THE LEAST... 
for high-performance slip rings, brushes, 


commutators and switching devices 


BLACKSBURG, 


naturally commercially minded are ap- 
palled at the cost of such devices. Generally 
speaking, they listen politely and agree in 
principle but very little is done towards 
authorizing the research and engineering 
necessary to do the job with a component 
that simply will not fail. 

It is my feeling that if it is necessary 
to use a three karat diamond to do the 
job, we certainly should use the diamond 
for it is most assuredly impossible to 
compromise on materials or engineering 
structure where the minute components 
necessary are all the more needful of the 
type of work that goes in an ultra-pre- 
cision timepiece. 

I am trying to get together as many 
articles on this subject as I possibly can 
to provide a scrapbook of information 
and I hope influence on others. There- 
fore, if possible, I would like to receive 
as many reprints of this marvelous 
editorial as you could possibly send me. 
Also if you have any data along these 
lines; that is, other reprints of a similar 
nature, I would very much appreciate re- 
ceiving it. 

L. W. Burch 
Consulting Engineer 
Metals & Controls 
34 Forest Street 
Attleboro, Mass. 


Omission 


To the Editor: 


The article, “Boston—‘Hub’ of space 
research” by William E. Howard in the 
July 13 issue fails to note that the “Golden 
Semicircle” of missile/space manufactur- 
ing becomes nearly a full circle when you 
consider the contribution of General Elec- 
tric’s plant in Lynn, Massachusetts, eight 
miles northeast of Boston. 

Surely, the men who build the acces- 
sory power system for the X-/5, the turbo- 
pumps for the Vanguard first-stage engine 
and who are now at work on equipment 
for future space vehicles, deserve a place 
on the wheel of the Boston area’s space 
industry. 

Paul Schratter 

Manager, Product Information 
Aircraft Accessory Turbine Dept. 
General Electric, West Lynn, Mass. 


We regret the omission. 
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missile business 





By WILLIAM E. HOWARD 


Very quietly the Small Business Administration is casting a hard 
look at the “fee” end of DOD cost-plus-fixed-fee research and de- 
velopment contracts. Some strong complaints have been voiced by 
small firms over DOD policy on fees. They claim the profit margin 
is too littlk—in some cases non-existent. The SBA wants to know 
the extent of the problem; how many small firms are being squeezed 
out of military R&D competition simply because they can’t afford 
to risk going into the red. 


Some small outfits get caught in a jam . 

They take on R&D projects knowing that they are potential money 
losers. But they also know that if they don’t take them, they will 
be cutting off their source of work and in the end will have to 
shut up shop. There is always a chance that a losing proposition 
may turn into a more lucrative follow-on contract or a bigger re- 
lated research project. When a company hits a string of losers, how- 
ever, merger with a big corporation with a strong cash position 
sometimes becomes the only way out. 


The SBA is against the merger trend . 

now prevalent in the missile industry. The main purpose of this 
Federal agency is to play mother hen to a brood of small businesses. 
It wants to see small business thrive—to help little ones grow into 
big ones. 

SBA now is wondering whether DOD is thwarting its mission. 
M/R has learned that SBA has hired some outside consultants to 
look into the situation. One problem investigators are up against 
from the start is finding out precisely what DOD's policy is on fees; 
who fixes them and why they vary. 


Recent Congressional testimony by Perkins McGuire . . . 
assistant secretary of defense for supply and logistics, indicates that 
fees fluctuate rather widely from a token fee of $1 to 10%. A DOD 
survey shows that the average for all the armed services is some- 
where between 6% and 7%. For a small firm working on a $100,000 
contract, the fee would run to $6000 or $7000. This doesn't yield 
much of a profit after taxes and operating overhead are deducted. 

Where the SBA inquiry will lead, and what it will turn up, is 
still a matter of conjecture. But it is a safe bet that any pertinent 
findings will wind up in the hands of the small business lobby to 
press for action by either the Administration or Congress. 


Historically, Congress has always regarded .. . 

anyone who does business with the Government with suspicion. The 
idea seems to be prevalent that any industry’s pockets are auto- 
matically lined with gold as soon as the ink dries on a contract. The 
SBA is going to run into this fixation if it tries to bring about any 
revision in present policy toward fees. 

Why it is perfectly legitimate for a manufacturer to make 15% 
or all he can in the consumer market, yet practically criminal if he 
nets more than 2% on a military contract is difficult to understand. 
Congress has never explored this “double standard” from the view- 
point of how it may affect our research effort and technological 
progress. And it will be interesting if someone can convince law- 
makers that this might be a fruitful field of investigation. 


SBA might do well to build a case on the importance .. . 
of small company R&D in the missile/defense effort. Contributions 
from this segment of industry are truely impressive. And there is 
plenty of evidence to support the thesis that some of the country’s 
best brains function most efficiently when they are in a small com- 
pany—and when the profit motive is strong. 
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—when and where 





AUGUST 

Agociation of the U.S. Army, Annual 
Meeting, Sheraton-Park Hotel, Wash- 
ington, D.C., Aug. 3-5. 

American Astronautical Society, Second 
Annual Western Regional Meeting, 
Ambassador Hotel, Los Angeles, Aug. 
4-5. 

Wiliam Frederick Durand Centennial 
Conference, The Problems of Hyper- 
sonic and Space Flight, Stanford 
University, Stanford, Calif., Aug. 5-7. 

American Society of Mechanical Engi- 
neers, American Institute of Chemical 
Engineers, Third National Heat Trans- 
fer Conference & Exhibit, University 
of Connecticut, Storrs, Aug. 9-12. 


Metallurgy Division, Denver Research 
Institute, Eighth Annual Conference 
on Applications of X-Ray Analysis, 


Stanley Hotel, Estes Park, Colo., Aug. 
12-14. 


Institute of Radio Engineer's Professional 
Group on Ultrasonics Engineering, 
First National Ultrasonics Symposium, 
Stanford University, Stanford, Calif., 
Aug. 17. 

Institute of Radio Engineers, Western 
Electronic Show and Convention, Cow 
Palace, San Francisco, Aug. 18-21. 

AFOSR/Propulsion Research Division, 
Directorate of Aeronautical Sciences 
Office of Naval Research, Office of 
Ordnance Research & National Aero- 


nautics and Space Administration, 
Symposium on “The Dynamics of 
Ionized Cases,” Northwestern Uni- 


versity, Evanston, Ill., Aug. 24-25. 
American Rocket Society, Gas Dynamics 
Symposium, Northwestern University, 
Evanston, Ill., Aug. 24-26. 
Institute of the Aeronautical Sciences’ 
National Specialists Meeting, A Sym- 


posium on Anti-Submarine Warfare, 
(classified), San Diego, Calif., Aug. 
24-26. 


International Commonwealth Spaceflight 
Symposium, Church House, West- 
minster, London, England, Aug. 27-29. 

Army-Navy Instrumentation Program, 
Annual Meeting, Symposium and In- 
dustry Briefing, Statler Hilton Hotel, 
Dallas, Texas, Aug. 31-Sept. 2. 

International Astronautical Federation, 
10th Annual Congress, Church House, 
Westminster, London, Aug. 31-Sept. 5. 


SEPTEMBER 


Air Force Office of Scientific Research 
and General Electric Company’s Mis- 
sile and Space Vehicle Department, 
Conference on Physical Chemistry in 
Aerodynamics and Space _ Flight, 
University of Pennsylvania, Phila- 
delphia, Sept. 1-2. 

University of California, 1959 Cryogenic 
Engineering Conference, Berkeley, 
Calif., Sept. 2-4. 

Air Force Association and Panorama: 
Send Reservations to AFA Housing 
Bureau, P.O. Box 1511, Miami Beach, 
Sept. 3-6. 

te of Aeronautical 
Sciences, Office of Naval Research, 


missiles and rockets, August 3, 1959 


National Science Feundation, Sixth 
Midwestern Conference on Fluid and 
Solid Mechanics, University of Texas, 
Austin, Sept. 9-11. 

New York University’s College of Engi- 
neering, Titanium Metallurgy Confer- 


ence, For information: Dr. Harold 
Margolin, New York University, 
University Heights 53, New York, 
Sept. 14-15. 


Institute of the Aeronautical Sciences, 
Western Regional Meeting on Frontiers 


on Science and Engineering, Los 
Angeles, Sept. 16-17. 
Standards Engineering Society, Boston 


Section Eighth Annual Meeting, Hotel 
Somerset, Boston, Sept. 21-22. 
Instrument Society of America, 14th An- 
nual Conference and Exhibit, Chicago, 
Amphitheatre, Chicago, Sept. 21-25. 
Industrial Nuclear Technology Conference, 
Sponsored by Armour’ Research 
Foundation of Illinois Institute of 
Technology and Nucleonics Magazine 


and Atomic Energy Commission, 
Morrison Hotel, Chicago, Sept. 22-24. 
Institute of Radio Engineers, 1959 


National Symposium on Telemetering, 


Civil Auditorium, San _ Francisco, 
Sept. 28-30. 

Institute of Radio Engineers, American 
Institute of [Electrical Engineers, 
Eighth Annual Industrial Electronic 
Symposium, Mellon Institute, Pitts- 


burgh, Sept. 30-Oct. 1. 


OCTOBER 


Anglo-American Aeronautical Conference, 
Institute of the Aeronautical Sciences, 
Hotel Astor, New York, Oct. 5-7. 

Society of Automotive Engineers, National 
Aeronautics Meeting, Aircraft Manu- 
facturers Forum and Aircraft, Engi- 
neering Display, The Ambassador 
Hotel, Los Angeles, Oct. 5-10. 

Radio Interference Reduction and 
Electronic Compatibility Conference, 
Sponsored by the U.S. Army Signal 
Research and Development Labora- 
tories, Conducted by Armour Research 
Foundation of Illinois Institute of 
Technology and Institute of Radio 
Engineers Professional Group on Radio 
Frequency Interference, Museum of 
Science and Industry, Chicago, Oct. 
6-8. 

Electronics Industries Association Con- 
ference, University of Pennsylvania, 
Philadelphia, Oct. 6-7. 

Aeronautical/Astronautical Problems of 
High Speed Flight Meeting, Sponsors: 
AFOSR/Aero§ Sciences Directorate, 
ONR, OOR, NSF, and _ Stanford 
University, Stanford University, Stan- 
ford, Calif., Oct. 6-8. 

Stanford Research Institute, First High 
Temperature Symposium, Asilomar 
Conference Grounds, Monterey Pen- 
insula, Calif., Oct. 6-9. 


Aveo, Second Advanced Propulsion 
Symposium (classified), New England 


Mutual Hall (tentative), Boston, Oct. 
7-8. 

National Electronics Conference, Spon- 
sored by American Institute of 


Electrical Engineers, Illinois Institute 
of Technology, Institute of Radio 
Engineers, Northwestern University 
and University of Illinois, Hotel 
Sherman, Chicago, Oct. 12-14. 
Armour Research Foundation, 15th An- 
nual National Conference, Hotel 
Sherman, Chicago, Oct. 26-30. 
Institute of Radio Engineers, Professional 
Group on Electron Devices, Shoreham 
Hotel, Washington, D.C., Oct. 29-30. 


NOVEMBER 


Institute of the Aeronautical Sciences, 
Annual National Midwestern Meeting, 
Wichita, Kansas, Nov. 2-4. 

4ist National Metal Exposition and Con- 
gress, International Amphitheatre, 
Chicago, Ill., Nov. 2-6. 

Mid-American Electronics Conference, 
llth Annual Meeting, Kansas City 
Municipal Auditorium and Hotel 
Muehlebach, Kansas City, Nov. 3-5. 

Fifth International Automation Exposition 
and Congress, New York City, Nov. 
16-20. 
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editorial 








If some pollster were to query the 436 members 
of the House of Representatives with a question 
which would read like this: 

“Do you want the United States to have a space 
program commensurate to her place in the world 
of nations and second to no other country on 
earth?” 

The replies undoubtedly would add up to vir- 
tually a unanimous “yes.” 

Why then did the House cut $68 million from 
the budget of the National Aeronautics and Space 
Administration early this month before sending it 
to the Senate? In the words of NASA Administrator 
T. Keith Glennan: 

“During the hearings on our fiscal 1959 budget 
request, some members of Congress raised serious 
questions about our not having requested far greater 
sums than we felt, after careful study, that we 
needed to organize NASA and initiate the (space) 
program. 

“What has happened since then to give anyone 
a sense of complacency? For I can only interpret 
the action of the House as an indication of a 
lessening in the sense of urgency which has been 
expressed so often on the floor and in Committee. 

“Have we—who started serious work in the space 
field six or seven years after the Soviets were pour- 
ing unlimited funds and their best brains into the 
drive to dominance in space—suddenly achieved 
some enormous advantage? 

“If so, I would like to know about it. I would 
sleep better at night.” 

NASA is requesting a fiscal 1960 budget of 
$485,300,000. In addition NASA has requested 
$45,000,000 in supplementary funds for 1959. 

The House Committee on Appropriations cut 
the combined requests by $45.5 million. 

The House itself, on points of order, further 
reduced both requests by $22,725,000—a reduction 
of $68,225,000 in all. 

What could these cuts mean to NASA? In the 
words of the administrator and his qualified asso- 
ciates: 

Vega—drastically cut back. Vega is a modified 
three-stage Atlas capable of putting a 5800-pound 
satellite in orbit to make television surveys of the 
moon, among other things. It is an essential pre- 
liminary for moon flight. Budget funding: $42.5 
million. 

Centaur—tretarded. Centaur is similar but more 
powerful than Vega, designed to put 8000 pounds 
in orbit or to soft-land a 730-pound scientific load 


on the moon. Budget funding: $41 million. 

Nova—eliminate or drastically reduce. Nova is 
the 14-million-pound-thrust, single-chamber engine, 
producing in time a 6 million-pound-thrust cluster 
necessary to carry manned expeditions to the moon. 
Budget funding: $30.2 million. 

Rover—reduce. Rover is the nuclear rocket for 
space travel. 

Mercury—probably slowdown. Mercury is the 
manned satellite project. 

Tracking and data acquisition networks—de- 
layed. As necessary to space probes as precinct 
support to a Congressman. 

New personnel—reduced by 15%. People are 
skills and training and competence. Without them 
no project can be accomplished. 

What is likely to happen in the Senate or in 
Senate and House compromise? 

The $22,725,000 lost on the points of order 
technicality will probably be restored. But the $45.5 
million cut by the House Appropriations Committee 
will probably be lost entirely or at best partially 
restored. And, in the words of one high NASA 
official, the loss of even $20 million would affect the 
projects listed above. 

The NASA budget request seems to us more 
than ordinarily reasonable. Some $100 million of it 
goes to support NASA research centers. Less than 
$375 million is new money for the space field. 
Compare this to a $40-plus billion defense budget 
in these days of a cold war where Russia uses her 
space exploits as an instrument of power politics; 
when she has convinced much of world opinion 
that success—or failure—in the space field is a 
measure of a nation’s scientific progress. 

At the risk of stepping on Pentagon toes, we 
would say—and earnestly—that the value of the 
United States of placing a man in space first, or of 
making a landing on the moon first—that either of 
these things is of more value to this nation in the 
cold war than a squadron of intercontinental missiles 
—which costs just about $100 million. 

We believe that Administrator Glennan and his 
associates at NASA are doing a good and con- 
scientious job. They don’t pretend to have a magic 
formula for space exploration. If someone has such 
a formula they would like to see it. 

Furthermore, we believe the NASA budget is 
honestly and tightly prepared. If for no other reason 
—and there are other reasons—the budget is too 
small to be otherwise. 

CLARKE NEWLON 
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